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PREFACE
TO THE

FIFTH EDITION.

My object in writing the ‘ School Manual of

Health ;

was to supply an elementary treatise on

those facts which must be known in order to

secure the health of the body. I had hoped it

would have served as a reading book in even

primary schools; I find, however, that it has

been principally used as a text-book in classes

formed more particularly for the purpose of

studying physiology in its practical relations to

health and life. I have, therefore, ventured to

change its name, and to add, what I at first

thought might have interfered with its use as a

reading book, a large number of illustrations.

These will undoubtedly be of assistance to the

scholar who may be expected to prepare for

examination in class. They will also assist
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the teacher where access cannot he had to larger

diagrams, such as those prepared by Mr. Marshall

and Professors Goodsir and Turner. In order to

render the work better fitted for classes, I have

added a series of questions, to be used at the

discretion of the teacher. I have also appended

a glossary and a series of tables on various

important subjects connected with the practical

application of physiology to the maintenance of

health and ifae preservation of life.

Melton House, Hampstead ;

February

,

1872 .



CONTENTS.

CHAPTER I.

ON THE CONSTITUTION OF THE HUMAN BODY,

§ 1. The organic elements.—2. Carbon— 3. Hydrogen.—4. Oxy-
gen-— 5- Nitrogen.— 6. Inorganic elements.—7. Compounds of

elements.—8. Water.—9. Gelatine.— 10. Albumen.—11. Fat.

—12. Other compounds .... pp. 1 6

CHAPTER II.

ON THE NATURE OF THE FOOD SUPPLIED TO THE
HUMAN BODY.

§ 13. Food of plants.—14. Food of animals.—15. Use of food.

—

16. Animal heat.—17. Flesh-forming food.—18. Starch.—19.
Sugar.—20. Oleaginous food.—21. Saline food

; Phosphate of
lime

; Common salt; Potassium.—22. Condiments and spices.—23. Alcohol.—24. Tea, coffee and chocolate.—25. Quantity
of food required.—26. Uses of water . . pp. 7—20

CHAPTER III.

ON DIGESTION, AND THE ORGANS BY WHICH IT IS

PERFORMED.

§ 27. Nature of the stomach.—28. Mastication and the teeth.

29. Saliva.—30. Deglutition; Gastric acid; Pepsin.—31. Bile
and pancreatic juice.—32. Preparation of vegetable food.—33
Preparation of animal food.— 34. Soup and puddings.—35.
Hot food.—36. Times of taking food . . pp. 21 28



VI CONTENTS.
%

CHAPTER IY.

ON THE NATURE OP THE BLOOD AND ITS CIRCULATION

BY THE HEART.

§ 37. Lymphatics and lymph.—38. Blood-glohules.—39. Liquor

sanguinis.—40. The heart.—41. Structure and position of the

heart.—42. Arteries and the pulse.—43. Capillaries.—44. The

valves of the veins.—45. The valves of the heart.—46. The

portal vein ..... pp. 29—38

CHAPTER Y.

ON BREATHINO, OR THE FUNCTION OF RESPIRATION.

§ 47. Gills and lungs.—48. Respiration and expiration.—49.

Mechanism of respiration.—50. Breath-sounds.—51. The

larynx and voice.—52. Animal heat and force.—53. Pure air.

—54. Carbonic acid gas.—55. Mechanical impurities of the

air.— 56. Organic impurities of the air.—57. Animal poisons.

—

58. Necessity of ventilation.—59. Bad smells.—60. Infectious,

or catching diseases .... pp. 39—o2

CHAPTER YI.

ON THE STRUCTURE AND FUNCTIONS OF THE SKIN.

§ 61. The parts of the skin.—62. Perspiration.—63. Sebaceous

follicles.—64. Action of the skin.—65. The use of washing.—

66. Clothes—67. Influence of cold on health.—6S. Vegetable

fabrics for clothing.—69. Animal clothing.—70. Conduction

and radiation of heat.—71. Influence of climate on dress.—

72. Colour of clothes.—73. On dressing the head.—74. Dress-

ing the neck and chest.—75. Uninflammable clothing.—76.

Boots and shoes . . • PP- 53—67

CHAPTER VII.

ON THE MOVEMENTS OF THE HUMAN BODY.

§ 77. The hones and teeth.—7S. Structure of the human skele-

ton.—79. Nature of muscles.—SO. Contraction of the muscles.



CONTENTS. VII

—81. Movements of the human body.—82. Exercise and its

various kinds.—84. Limits of healthy exercise.—83. Gym-
nastics.—84. Use and abuse of exercise

, pp. 68—78

CHAPTER VIII,

ON THE BRAIN AND NERVES.

§ 85. Sensibility.—86. Cilia.—87. Nerve-cells and tubes.—88.
Simplest forms of nerves.—89. Actions of nerves and gan-
glions.—90. Excito-motory actions.—91. Sensori-motor ac-

tions.—92. Ideo-motor actions.—93. Structure of the brain.—
94. The cerebellum.—95. Sympathetic nerves.—96. Nerves of
the brain.—97. Nerves of the spinal cord.—98. Terminations
of the nerves.— 99. The brain the seat of consciousness.—100.
Ideas.—101. Spiritual nature of man.—102. Memory and
imagination.—103. Emotions and passions.—104. Phrenology.
—105. Size and weight of the brain.—106. Sleep.—107.
—Dangers of want of sleep.—108. Dreams.—109. Sleep-
walking.—110. Association of ideas.—111. Education.

pp. 79—99

CHAPTER IX.

ON THE ORGANS OP THE SENSES.

§ 112. The five gateways of knowledge.—113. Touch.—114.
Sight.—115. Structure of the eye.— 116. The picture in the
eye—117- Deficient power of seeing.—118. Diseases of the
eye. 119. Organs outside the eye.—120. The education of
the eye. 121. Hearing.—122. Structure of the ear. 123.
Musical instruments.— 124. Diseases of the ear.—125. Taste
and smell.—126. Use of perfumes.—127. Disagreeable odours.
—128. Snufi-taking.—129. Nerve of taste.—130. Conclusion.

pp. 100—116



Till CONTEXTS.

Questions foe Examination— page
On Chapter I ....... 117

On Chapter II 119

On Chapter III 121

On Chapter IV 121

On Chapter V 123

On Chapter VI . . . . . . . . 125

On Chapter VII 126

On Chapter VIII 127

On Chapter IX 129

A Seeies of Tables 131

Table I.—Ultimate Elements of the Human Body . 131

Proximate Principles of the Human Body . 133

Table II.—Daily Supply andWasteofthe HumanBody 134

Table III.—Height and Weight .... 136

Table IV.—Composition of Beers, Wines, and Spirits 137

Table V.—Showingthe time at which the Teeth appear 138

A Classification of the Animal Kingdom . . 139

Glossary 145

Index 149

LIST OP PLATES.

Plate I.—Structure of Teeth and Glands of Month

Plate II.—Structure of Digestive Organs

Plate III.—Organs of Digestion and Respiration .

Plate IV.—Structure of the Heart and Lungs

Plate V.—Lungs and Valves of Heart .

Plate VI.—Arterial System

Plate VII.—Veins and Air-passages

Plate VIII.—Respiratory Organs and Skin .

Plate IX.—Structure of Skeleton ....
Plate X.—Showing Action of Muscles

Plate XI.—Minute Structure of Muscles and Nerves

Plate XII.—The Nervous System ....
Plate XIII.—Structure of the Brain and Nerves .

Plate XIV.—Cerehro-spinal Nervous System

Plate XV.—Structure of Eye ....
Plate XVI.—Structure of Eye and Nose

Plate XVII.— Structure of Ear ....
Plate XVIII.—Structure of Tongue

. 22a

. 24a

. 28a

. 30a

. 36a

. 32a

. 40a

. 42a

. 6Sa

. 72

a

. 7Sa

. 88a

. 84a

. 80a

. 102a

. 106a

. lOSa

. 114a



INTRODUCTION.

In' introducing a new edition of my ‘ School
Manual ot Health to the public under another
name, I would make a few remarks on the subject of
teaching physiology in schools.

Whilst all are agreed that the mental powers
which man possesses, as distinguishing him from the
brute creation, are susceptible of improvement and
development by what we call education, there is not
a little difference of opinion as to the method of con-
ducting this education. For the male children of the
more favoured classes of society it seems not to be
doubted in certain classes that instruction in the dead
languages and mathematics is the most desirable train-
ing they can undergo. For the sons of the less opu-
lent, and the male members of the working classes, it
is taken for granted that a knowledge of any language
except their own is useless, and that writing, cipher-
ing, geography, and history is all that ought to be
required. AY ith regard to the education of girls the
general opinion is that the education of their minds
does not demand dead languages, that mathematics
are useless, and that a training in music and singineO O 5

b
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with the acquirement of one modern language, is

amply sufficient.

It is not my object here to enter into any con-

troversy as to whether boys should be educated dif-

ferently from girls, or as to whether the training of

the mind of the son of a rich man should be different

to that of the son of a poor man. I wish, however,

to state my conviction as a physiologist that there is

no anatomical distinction between the brains ot men

and women, or those of rich and poor people.

With regard to education, it appears to me that

whatsoever is of advantage to the rich man is al?o of

advantage to the poor man, and that, in so far as it

can be afforded, the same training of the mind is of

the same advantage to the poor as to the rich man.

I would even go further, and say that which is good

for the male is good for the female, inasmuch as there

is no essential difference between the mental powers

of men and women.

But leaving this great question, on which so

much controversy exists, I am anxious to show that

whatever difference of opinion there may be as to how

far the human mind should be drawn out or educated

in certain classes of society, that there are certain

common facts or truths that should be communicated

to all minds, whether rich or poor, male or female.

Every one recognises the importance of teaching

to every human being the obligations of the moral

law, and the child is taught both by its family and

the nation that it may not steal, covet, lie, or commit

murder. In the same Divine record m which the

moral law was given to man for the guidance of

his social life, we find a code of physiological laws
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given him for maintaining his body in its health

and integrity. It may be satisfactorily shown that

where man is negligent of his physical welfare, and
invites by his ignorance the invasion of disease, that

there he is morally impotent and incapable of obeying

the spiritual laws of his nature.

It is not only amongst the Jews that we find

that physiological laws were laid down for the guid-

ance of the people, and even severe penalties attached

to the voluntary breaking of these laws
;
but we find

amongst the enlightened Greeks and Komans at

various periods, the laws of life were recognised,

and the importance of obeying them enforced by
penalties.

In modern Europe the physical laws of existence

seem to have been almost entirely ignored. The
history of the great plagues which have from time to

time visited the eastern and western hemispheres
afford a melancholy indication of how entirely man
has forgotten his dependence on physical laws for his

health and existence.

In order to obey the laws of life it is not
necessary that every individual should be profoundly
acquainted with the structure of the human body and
the intimate nature of its functions, but it is neces-
sary that every one should so far understand these
matters that he may avoid the most common causes of
disease, and submit with alacrity to those laws which
the government may impose upon him for the health
and salvation of the community.

As an objection may be urged to the teaching
of physiology on the ground of the subject being too
complicated for laying before the minds of children, I



Xll INTRODUCTION.

would here indicate those “ rudiments* "of the sub-

ject which I think might he taught in every school.

In the first place the human body is subject to

the same laws as all other matter. It is composed of

solid, fluid, and gaseous matters, which are identical

with substances having the same qualities out of the

human body. A knowledge of this fact should precede

all others in teaching laws governing the existence of

the human body.

In the second place, the pupil should be taught

that these substances are composed chemically of the

same elements as exist in other bodies, outside the

human system. The most common elements in the

human body are carbon, hydrogen, oxygen, and

nitrogen. The chemical properties of these elements

play a very important part in the life of the human

body, and their principle properties must be under-

stood to appreciate their influence on life.

In the third place, the human body is composed

of various organs, each performing a special function.

These organs have all a definite relation to each other.

By their agency the chemical substances in the form

of food enter into the body, and this food supplies the

materials which, being distributed by the heart and

blood-vessels to the various parts of the body, enable

them to perform the actions which we call life. The

great laws by which this life is maintained in its

integrity, and disease kept at bay, are not diflicult to

understand, and it is by a knowledge of these laws

* A Committee appointed by the British Association to

report on scientific education reconuuendthat the “ Rudiments

of Physiology” be taught in schools.
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that the nature of disease and death can be explained,

and their occurrence prevented.

That disease and death can be prevented is a

well-known fact
; and certain diseases are called

“ preventible ” by sanitary writers because their

causes are well known and can be removed. It is

not, however, possible by mere authority to prevent

these diseases. The law can do much to remove those

causes of disease which iudividuals are incapable of re-

moving. It can compel a town to have a supply of

water, but no law can compel people to use water.

Unless individuals are instructed in the necessity of

using water for the benefit of their health the law is

useless. This is really the case with the whole of the

sanitary laws of England. They are comparatively

useless, because we have a population growing up
around us, entirely ignorant of the nature of the laws
which produce death and disease. It is thus that

diseases spring up in homes long before those who are

instructed in the means of their prevention can know
anything about them.

There is abundant evidence to show that in certain

towns and districts where disease and death have
been unusually present, the adoption of sanitary

measures has stayed the rate of mortality and
diminished disease. Many towns in England have
presented high rates of mortality, and on the adoption
of sanitary measures the mortality has immediately
decreased. Examples of this are so numerous that
I need not repeat them here. Whenever the deaths
of a district rise above a certain average, it is a well-

known fact that it is duo to the transgression of
some obvious law of healthy existence.
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In many town populations of England half the

individuals die before they are five years of age. It

cannot for a moment be supposed that this is the

necessary destiny of humanity. The contrary, in

fact, can be easily proved. There are many districts

and families in England where infant death bears but

a small proportion to the rest of the community.

This clearly shows that in those districts where

infant mortality is large, it must arise from one

of two causes, either a wilful destruction of human

life, or an ignorance of the laws by which it can be

maintained. There can be little doubt that the

latter is the cause. Where one child is sacrificed

wilfully and maliciously, at least one thousand perish

through ignorance.

The question, then, comes for consideration, as to

how large an amount of useful information in the laws

of life can be conveyed in the course of two or three

years to boys and girls at school ?

It may be difficult to point out what should be

the minimum or maximum of knowledge to be com-

municated on this subject. The great difficulty is

not, however, to estimate the amount of knowledge

to be given, but to get teachers competent to the task.

Provided however, the managers, masters, and mis-

tresses of schools have determined that this subject of

physiology should be introduced, it would not be

difficult to find teachers. In every district of England

there are young medical men who, with a proper text-

book in their hands, have a sufficient knowledge ol the

science of physiology to communicate its rudiments to

a class of intelligent children. There are also scattered

throughout the country young men and, I am happy
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to know, young women, too, who have successfully

passed examinations in Physiology in the Science

examinations of the Committee of Privy Council on

Education. But even should these aids he wanting,

an intelligent teacher impressed with the importance

of the subject, and bent on instructing his pupils,

could easily employ any one of the numerous manuals

of physiology as a reading-book in the school, and en-

deavour to explain to a class its meaning as far as he

himself understands the subject. It is in this manner

that physiology needs not to stand in the way of any

other branch of tuition. The children must read
;
and it

seems to me of much more importance that children

should read about the wonderful structure of their own
bodies than of distant lands, extinct empires, or even

moral and didactic tales. An intelligent reader

might easily take the opportunity whilst the pupil is

engaged in reading about the structure of the eye,

the hand, the heart, or the lungs of the body, to

improve the subject and make it to exert a moral and

religious influence on the child by pointing out the

wisdom, the goodness, and the power of God, as

exemplified in the facts of his own existence.

The teacher having been obtained, the question

comes, how he should proceed ? Should he at once

commence with some interesting portion of his sub-

ject, as the brain, the heart, the eye, or the skin, and
thus by a process of analysis place the nature of a
human body before his pupils

;
or should he begin by

showing the nature of the elementary parts of the
human body, and, putting them together, at last show
how they form a human body ? I confess I am in

favour of the last method. By teaching children
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that the human body is composed of certain elements

which are found in water, air, and earth, they are

prepared to understand the purely chemical nature of

many of the vital functions.

Proceeding from teaching the principles of the

chemistry of life, we may go on to give a knowledge

of the special structures of the human body. The

structure of the organs subservient to the function of

digestion
;
the nature of the changes whereby the food

we eat becomes converted into blood ; the circulation

of the blood, the changes it undergoes during re-

spiration, and the structure of the heart and lungs,

are not difficult things to teach intelligent children

of from ten to twelve years of age. Prom these sub-

jects they may advance to the study of the muscular

system and the nature of animal mechanics. The

nervous system, the seat of consciousness, intelligence,

and emotion, may then he studied, and the physio-

logical course closed with the structure aud functions

of the organs of the senses.

Having glanced at the subjects which I think

should be brought before the minds of a class of pupils

in a school, I would add a few words with regard to

the method of teaching. Although physiology is

usually taught by means of lectures, it is not neces-

sary that it should he so. The teacher may use some

of the elementary hooks in physiology, such as the

present volume, which was drawn up at the request of

the Irish Board of Education, and. getting a class to

read a few sections, might explain each section if

necessary, and before reading the sections at the

next lesson make an examination on the last, taking

care that each pupil understands what he or she has
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been reading.* These lessons should be illustrated by

experiment when the chemical part is brought before

the class, and the elements spoken of should be

demonstrated. A very few simple experiments will

impress on the mind of the pupil the nature of the

four organic elements, and their principal chemical

compounds are always at hand to exhibit and demon-

strate their properties.

In the same way, when the tissues of the body are

referred to, it is not necessary to have recourse to,

or even allude to, the dissection of the human body.

The butcher’s shop will supply ample illustrations of

the tissues of which the human body is composed.

A mutton chop in the hands of a competent teacher

would give illustrations of nearly every tissue in the

human body. In the same way particular organs, as

the tongue, the ear, the eye, and the teeth, may be

advantageously demonstrated in the head of a sheep
;

whilst a mouse, rat, pig, or rabbit, in the hands of a

skilful teacher, would afford ample instruction in the

position of the lungs, heart, and abdominal viscera.

Besides such direct appeals to the senses as could

be afforded by demonstrations of this kind, there are

few subjects for which provision has been more amply
made in the form of diagrams. Some of our great

physiologists have directed their attention to this

subject, and the late Professor Goodsir, with Professor

Turner, have published a series of diagrams expressly

intended for the assistance of teaching classes in

schools. A number of admirable diagrams, life-size,

have also been published by the Committee of Council

* A glossary and questions have been added to the present

edition for this purpose.
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on Education, and executed under the direction of

Professor Marshall, of University College, London.

Either of these sets of diagrams would be found of

great assistance in teaching a class of children the

“ rudiments of physiology.” When I consider the

immense facilities for teaching the great facts of

physiology as compared with any other branch of

natural science, I confess I am astonished at the

objections urged by some teachers to the introduction

of the study of physiology into our schools as too

difficult.

An important practical question arises here, and

that is, How much time ought to be given to these

studies ? It is the error of masters and mistresses in

schools that they think natural science may be taught

in leisure moments, and that a few lectures in the

course of a year will suffice to give their pupils all the

information that is necessary on these subjects. If

they would reflect on the fact of how large a portion

of time is given to the study of subjects of which,

when the education of their pupils is completed, they

exhibit but a comparatively small amount of accurate

knowledge, they will see that to give children a

sufficient amount of knowledge of any branch of

natural science, to make it available in life, they

must devote to it as large an amount of time and

labour as to any other subject of equal importance.

No boy could be expected to know anything of Latin

by a few lectures delivered in the course of his

annual studies. Physiology, if it is to be taught at

all, must have regular and systematic attention. I

would suggest that two hours a week, at least, should

be secured for this branch of teaching. II extra time
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can be given for preparation for the lessons received

in these two hours so much the better. What I would

wish to impress is this, that little or no good will be

effected if the subject is made a matter of indifference

with the teacher or the pupil. The only way in

which benefit can be derived is by making the pupil

thoroughly understand the subject, and feel the im-

portance of the facts it imparts.

The advantages which this knowledge, early im-

parted, would confer, are very abundant. One of the

great drawbacks to all our sanitary legislation is the

want of knowledge on the part of those for whom so

many Acts of Parliament are enacted. It is useless

to give powers to corporations and vestries, if the

individuals of whom they are composed are ignorant

of the use or value of the powers which are conferred

upon them. If people do not understand something

of the nature of the laws by which contagious diseases

are multiplied and diffused, it is hopeless to expect

that these diseases will cease to depopulate and de-

stroy. I might add here a larger number of illus-

trations, but they will occur to every intelligent

mind.

There is scarcely any class in the community to

whom, independent of its purely personal application,

a knowledge of physiology would not be of benefit.

Beginning at the top of the social scale, I would refer

to statesmen—to those to whom we must look for

passing sanitary laws. Unless there is on their part

a knowledge of the laws of life, their sanitary enact-

ments will fail to accomplish the objects for which

they have been brought into existence. Much
of the unsatisfactory, indecisive, and patchwork
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character of our present sanitary legislation is due to

the want of a knowledge of the ordinary laws of life

on the part of our legislators. A universal education

in physiology would undoubtedly catch all our

statesmen, but if our universities would only insist

on a pass-examination in physiology for all candi-

dates, it would do much towards the introduc-

tion of this subject into our higher, middle-class, and

even lower schools.

ISText to our statesmen come our professional men
;

and first I would speak of the clergy of all denomi-

nations. In visiting the sick and poor, and in

preaching to all, they have great opportunity of

inculcating the necessity of obedience to those laws

by which Glod governs the natural life of man. The

clergyman can with propriety point out that obedi-

ence to those laws is life and health, and that dis-

obedience is disease and death. Should he he a

missionary to the heathen, with how much more

influence will he be able to preach the truths of

Christianity when accompanied by the knowledge

of the nature of health and life possessed hv those

who have studied the science of physiology in civilised

communities.

I pass from the clergyman to the lawyer. Although

many of our great lawyers have exhibited more than

an ordinary amount of physiological knowledge in

cases that have come before them, it is not con-

sidered necessary that the great bulk of the legal

profession should possess any knowledge ot physiology

whatever. Yet how large a number of cases that

come before our courts of law involve points which

only a knowledge of physiological laws can settle.
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This is more especially the case with the Coroner’s

Court, where the investigation turns almost wholly

upon questions connected with the structure and

functions of the human body.

Passing from these fpurely professional classes, I

come to the professions of the engineer and architect.

"WTierever the problem is to supply air to human
beings, whether in railways, mines, ships, or houses,

there a knowledge of the laws by which life is main-

tained is essential to those who design and build up
these works. How often do we find the greatest

works of the engineer and architect marred by the

fact that he has ignored the simplest conditions of

human existence.

From this class of professional workers we may
pass on to those engaged in literature. However
distinguished our great authors may be, instances are

not wanting in which they betray a very palpable

amount of ignorance of the laws of life. To those

whose professional avocations lead them to speak on

physiological subjects, it is often a source of great

annoyance to find that their remarks have been
thoroughly misunderstood by the ignorance of

physiology of those whose duty it is to supply infor-

mation through the press.

Passing from the professional to the middle classes,

there are several public functions which they have to

perform which render it imperative that they should

he acquainted with the principal facts which relate to

the preservation of life. It is from this class that

the council-men of our corporation, the members of
our vestries, and hoards of guardians are principally

drawn. To these bodies the government gives per-
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missive powers to carry out the various Acts of

Parliament which have been passed for sanitary

purposes. ^VBere the members of these bouien are

ignorant of the laws of life, then disease and death

stalk through the population committed to their

charge, and the living inhabitants have to pay the

penalty in hard cash for the ignorance displayed by

their representatives. Those bodies are not aware,

through the ignorance of physiology of their members,

that disease and death are the most expensive

luxuries in which they can indulge.

Prom tradesmen I pass to working men. Our

working classes, whether employed in the open air

or in close rooms, need to know the causes of death

and disease. By ignorance on their parts ot the

nature of fresh air, they frequently surround them-

selves with poisonous atmosphere full of the germs

of disease and death. The workshop and the

factory are frequently the source of a predisposition

to disease, not suspected by those who work in

them.

The wife of the working man is equally ignorant of

the way to keep her home sweet and pure, and of the

causes that lead to the death of her husband and

children. Neither the working man nor his wife are

ever instructed in the nature of the daily food they

take, so as to economise the small wages they receive,

or to avoid spending their money on that which is

utterly incapable of sustaining their health and

strength. The utterly absurd views they entertain of

the nature of alcoholic beverages ought to be cor-

rected by a knowledge of the poisonous nature of

the drinks which a large number ol them take in
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quantities, at once reducing their power of work, and

leading to premature poverty and death.

If in these remarks I have failed to convince my
readers that boys ought to he taught in all our schools

at least the rudiments of physiological knowledge, I

would ask that this information be given to girls. To
them, as assistants of their mothers in poor men’s fami-

lies, and as nursemaids in the families of the rich, a

knowledge of the laws of life is essential. If they

are ignorant of the structure and functions of a child’s

body, they make mistakes which are constantly lead-

ing to the destruction of infant life. It is the girl

that becomes the mother, whether in the lower or

higher classes of society, and I have no hesitation in

expressing my conviction that the large mortality of

children under five years of age is not due to vice or

crime, but to ignorance. At least two thousand child-

ren are suffocated annually in bed with their parents

or nurses in England and Wales, and not five per cent,

of these cases can be traced to vice or crime. The
cause of this premature death is the ignorance of the

mother or nurse of the necessity of procuring for these

children a due supply of fresh air. The cruelty of

neglecting this branch of education is felt by the

poor women themselves, when they reflect that they
have lost their children through ignorance of the

simplest laws which regulate the life of human
beings.

In every relation of life it is most important that

the woman should understand the causes of disease

in her family. She is essentially the mistress of the

household, and if she neglects the care of her children,

or the superintendence of her servants, unnecessary
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disease and premature death will be the result. One

of the great causes of the prevalence of preventible

diseases and deaths all over the land is the utter and

entire ignorance of the majority of females of the

laws which govern healthy life. Even with regard to

that most destructive of diseases—consumption, my
friend, Dr. 'William Budd, says of all diseases it might

he most easily prevented. But in order to do this

our women, our mothers, our mistresses of house-

holds, must be instructed in the nature of the laws

which govern the development and progress of thi3

disease. The sum of human suffering that might be

prevented, and the amount of wealth that might be

saved, by a knowledge of the laws of disease is incal-

culable. And yet I find in the prospectus of a new
“ College for Women,” that the subject of physiology

is not contemplated as a branch of study in that insti-

tution. As long as this subject is thus slighted and

neglected in all our plans and systems of education,

so long will the miseries that arise from premature

disease and death occur, and so long will poverty and

physical debility obstruct the progress of mankind in

the path to wealth and happiness. On this, above all

other subjects, it may be said, in the language of our

great poet, that

“ Ignorance is the curse of God ;

“ Knowledge is tlie wing wherewith we fly to Heaven.’’



A SCHOOL MANUAL OF HEALTH.

CHAPTER I.

OS' THE CONSTITUTION OE THE HUMAN BODY.

1. We are told in the Bible that “God created

man of the dust of the ground, and breathed into his

nostrils the breath of life,” and we now know that

man’s body is composed of the same elements that we
find in the earth beneath our feet. If we take a

portion of the flesh of man, and examine it chemically,

we find it to consist principally of four elements

which are found commonly in the things which

surround us in this world. These four elements are

called the organic elements, because they are uni-

versally found present in plants and animals which

are also called organic beings, on account of the

organs they possess, by means of which they carry

on their life. The names given to these four elements

are Carbon, Hydrogen, Oxygen, and Nitrogen.

2. Of these four, carbon is the only one that is

solid at the ordinary temperatures of our atmosphere.

In its impure forms we know this substance by the

names of charcoal and coal, but in one of its purest

forms it constitutes the diamond, which is the most

1
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precious of all gems. If a portion of a plant or an ani-

mal is exposed to a slow heat, the other elements are

driven off, and the carbon in the form of charcoal is left.

Carbon is easily burned in the air, and by its means

heat is obtained from coals, candles, gas, and other

substances in which it is contained. It is very im-

portant to recollect this property of carbon, as we

shall find that it plays an important part in heating

and carrying on the functions of the human body.

Carbon, when it combines with oxygen gas, forms a

gas called carbonic acid, which is constantly being

thrown off from the lungs of animals. It is a very

poisonous gas, and when retained in the blood

destroys life, and when allowed to accumulate in the

atmosphere is injurious to life. A human body

weighing eleven stones, or 154 pounds, contains

twenty-one pounds of carbon.

3. Hydrogen, the next element, is a gas. It is the

lightest body known in nature. It unites with car-

bon, and forms the gas which is burned to light our

streets and houses. Like carbon, hydrogen is very

inflammable, and burns in the air with a flame. The

flames of a coal fire and the burning jets of gas are

due to hydrogen. When hydrogen burns in the air,

it unites with the oxygen in the air, and the vapour

of water is formed. All water is composed of the two

gases, hydrogen and oxygen. Hydrogen and carbon

are contained iu human food, and, coming in con-

tact with the oxygen of the air held in the blood, they

are consumed, and are the great agents by which the

heat of the body is maintained. In a human body

weighing 1 54 pounds there are fourteen pounds of

hydrogen.
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4. The third organic element is oxygen. It is a

gas, and one of the most active elements in nature.

It unites with other elements, and causes them to

burn. It unites with carbon and forms carbonic acid,

and with hydrogen and forms water. It is one of the

gases that enters into the composition ot the atmo-

sphere, and exists in the proportion of twenty-one

parts in every hundred. It enters largely into all

compounds in the human system
;
and a body weigh-

ing 154 pounds contains 111 pounds of oxygen. A
more active form of it called ozone is found in pure

atmospheric air.

5. Nitrogen, the fourth of these universal elements,

is by itself far less active as a chemical agent than the

other three. It is found in less quantities in the human
system

;
and a body weighing 154 pounds contains but

about three pounds and a half of nitrogen gas. It is,

nevertheless, a very important element, as it enters

into the composition of those organs, as the muscles
and nerves, which are most important to life. When
combined with other matters it may give rise to very
violent chemical action—as in detonating powder.
Nitrogen is an abundant element in nature, as it makes
up with oxygen the bulk of the air of the atmo-
sphere. A hundred parts of atmospheric air contain
seventy-nine parts of nitrogen.

6. Besides these organic elements, a human body
weighing 154 pounds contains four pounds of other
elements. These consist principally of the metals

calcium, sodium, potassium, and iron; and the non-
metallic elements, sulphur, phosphorus and chlorine.

These elements, though forming so small a proportion
of the composition of the whole body, are, nevertheless,
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essential to life. For example, the bones are com-

posed in equal parts of an animal and earthy matter,

the latter consisting chiefly of the two elements,

phosphorus and calcium. In the human body of the

weight above stated, there are one pound twelve

ounces of phosphorus, and two pounds of calcium.

Calcium is the metal of which the earth lime is an

oxide.

7. The elements above mentioned are not found

pure in the human body, but are united together,

forming a number of compounds, out of which the

various organs are formed. The compounds thus

produced are very numerous, but the principal are

water, gelatine, albumen, and fat. A body weigh-

ing 154 pounds contains 111 pounds of water, fifteen

pounds of gelatine, four pounds and a quarter of

albumen, abont the same quantity of fibrine, and

twelve pounds of fat.

8. Water is a most important constituent of both

plants and animals. It seems as if all organic beings

were so much organized water. In the vegetable

kingdom sea-weeds and water-plants are often found

to consist ofmuch more than half their bulk of water.

Naturalists tell us of jelly fishes that contained not

more than ten grains of solid matter to one pint

of water. All the food of the higher animals is dis-

solved in water before it is appropriated to the use of

their bodies, whilst many of the lower animals pass

their entire existence in water. Just as the human

body is composed of large quantities of water, so is

it necessary that the food of man should contain a

large proportion of water.

9. All animal bodies are composed in great measure
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of minute ultimate parts, which are called cells, and

of a substance in which these cells lie. These cells

are little vesicles or bladders, two or three thousand

of which do not measure more than an inch
;
the

walls of these little sacs, and the substance between

them, are composed of a jelly-like body, which is

either an albumen or a gelatine—in bone and mem-

branes we find gelatine properly so called. This sub-

stance is made up of all four of the organic elements,

and is insoluble in cold, but soluble in hot water.

When any portion of an animal is boiled in water,

the gelatines are dissolved. When the water con-

taining gelatine is allowed to cool, it becomes more

or less solid, and forms what is called a jelly.

Gelatine is more abundant in the skin and bones

than any other part of the animal body. A
coarser form of gelatine is obtained from the skin of

animals, aod is called glue. Gelatine forms an in-

soluble substance with tannin, which is found in oak

bark
;
and the skins of animals submitted to the action

of a solution of tannin are converted into what is

called leather.

10. Albumens, like gelatine, contain all the organic

elements, and constitute the principal part of the

muscles and nerves of animal bodies. Albumens

differ from gelatines in becoming more readily decom-

posed after death. They are more closely connected

with life. One sort of albumen is found in the mus-

cles, and another in the nerves. Albumens are also

found in the products of plants. Gluten is found in

wheat-flour, in barley, oats, and maize. Other kinds

of albumen are found in smaller quantities in the same

things, and are present in the blood of animals.
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Albumen constitutes that part of the egg which is

known as the “ white.”

11. Fat is a most important constituent of all

animals. Everywhere in the body of animals fatty

matter is found under the skin and between the mus-

cles. Eat differs from the three last compounds in

containing no nitrogen, and but little oxygen. Although

not directly aiding the functions of life, it contributes

to many of its secondary functions, and is essential to

the proper structure of all animal bodies. Eat, con-

sisting almost entirely of carbon and hydrogen, is a

substance readily burned. From the fat of animals

candles are made
;
and it appears that in cold weather

animals burn, as it were, the fat of their own bodies.

Most animals get fat in the summer, and become thin

in the winter from consuming their own fat in the pro-

cess of making their bodies warm. This is remark-

ably the case with animals which hybernate, which

enter upon their winter-sleep quite sleek and fat, but

wake up in the spring meagre and thin.

12. Besides these compounds there are a great

many others found in animal and human bodies.

The food which they take whilst subserving the pur-

poses of life, is transformed into compounds which

appear in the blood, the liver, the spleen, the kidneys,

and the various glands of the human body. They in-

dicate that, during the performance of the functions

of life, a vast number of chemical changes go on in

the body, which are essential to its health and well-

being.
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CHAPTER II.

ON THE NATUBE OF TnE FOOD SUPPLIED TO THE

HUMAN BODY.

13. All the substances that are found in the bodies

of animals, and also of plants, are supplied from with-

out. The cells of which plants and animals are com-

posed absorb the matters of which they consist from

the world around them, and these matters are called

their food. Plants differ from animals in absorb-

ing their food by their surface, whilst most animals

have an internal bag or stomach, from the inside of

which the food is taken up
;
and there is an orifice

leading to this hag called a mouth. The food of

the plant is also different from that of the animal.

The plant takes up mineral substances, the chief of

which are carbonic acid and ammonia, whilst animals

take up substances which are formed in the tissues of

plants. The life of the plant depends on its chang-

ing mineral substances into organic compounds,

whilst the life of the animal consists in changing

organic compounds into mineral matters. The life

ofthe plant ends where that of the animal begins, and

the life of the plant begins where that of the animal

ends. Animals, in dying, give out the carbonic acid

and ammonia, on which plants feed. Carbonic acid

and ammonia contain the four organic elements—car-
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bon and oxygen in the first, and nitrogen and hydrogen

in the last.

14. Animals obtain the principal part of their food

from plants
;
and when they feed on animals, as man

feeds on sheep and oxen, the animals they eat have

obtained their flesh from the vegetable kingdom. If re-

gard is had to what man takes, it will be found that all

his food may be included in three great classes. First,

food in which all four organic elements are present

;

second, food in which all these elements are present,

except nitrogen
;
and thirdly, substances or food which

do not contain the organic elements, such as salt and

the other mineral matters. They may be called nitro-

genous, non-nitrogenous, and mineral foods. These

substances are not, however, supplied separately, but

are all contained in varying proportions in the food we

eat. Thus, bread contains the nitrogenous principle

fibrine, and the non-nitrogenous principle starch,

whilst all kinds of meat contain fibrine, and the non-

nitrogenous principle fat. In addition to the three

groups of substances now mentioned, there must be

water in all kinds of food. As we have seen (§ 8)

three fourths of the human body consists of water,

and as the food supplied to the body must be like the

substances of which the body is formed, a large quan-

tity of water must be taken in food.

15. The necessity for the supply of food to the

body arises out of the fact that the life of man de-

pends on the continued use and destruction of the

particles of which the body is composed. If a man

sits at one end of a pair of scales, and puts weights

at the other, he will find that the longer lie sits the

lighter he grows. Whilst he moves, breathes, thinks,
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or feels, certain portions of his body are being con-

verted into gas and liquids, which principally pass

from his lungs and kidneys. Now this loss must be

supplied. The loss is sustained by every part of the

body, and food is taken to supply the loss.

16. The loss sustained by the body during life is

due to two causes. First, the action of the muscles

and nerves in sustaining life consume certain particles

of the body, which having been used are cast olf from

it by the luugs and kidneys. It is by this burning or

consuming that the human body, like that of other

animal bodies, has a temperature above that of the

surrounding atmosphere, which is called animal heat.

Thus the body of a human being in health is always

kept at a temperature of ninety-eight degrees of

a Fahrenheit’s thermometer. Other animals main-

tain other temperatures, and their heat is mainly due

to the burning in the blood of the food they eat in

contact with the atmosphere which they breathe.

According as the substances of the food are used

for these two purposes they are called flesh-forming

and heat- or force-giving. Though the flesh-formers

can also supply force, and are necessary from time to

time to assist the force- or heat-givers—yet the heat-

givers cannot alone form flesh or help in forming it,

since they have no nitrogen.

17. The flesh-forming principles of the food are

known by the names albumen, gluten, and casein, and

are contained in vegetable as well as animal foods.

A sort of albumen, called gluten, is contained in the

flour of wheat, in barley, oats, maize, potatoes, and
other kinds of vegetable food. Another sort of albu-

men, called sometimes fibrine, constitutes the prin-
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cipal part of the flesh of animals, and is obtained

from dead blood. Other varieties of albumen are

also found in small quantities in various kinds of

vegetable food, but more especially in the white of

eggs, in the blood of animals, and in the nervous

system of animals. All albumens coagulate by ex-

posure to heat, and this property is familiarly known

by the hardening during boiling of the “ white ” of the

egg. Casein is found in peas, beans, and lentils in the

vegetable kingdom, where it exists in larger quantities

than either gluten or the other albumens in other

vegetable foods. It is also found in milk, and cheese

'when separated from milk consists principally of

casein.

18. All these substances contain carbon, which may

be separated, and is capable of giving out heat and

other forces by uniting in the system with oxygen,

but the non-nitrogenous substances contain larger

quantities of carbon, and are especially employed in

the generation of heat and other forms of force in

the body. The force-giving substances are starch,

sugar, and fat. Starch is especially a vegetable pro-

duct, and is found almost universally present in vege-

table substances. AVbeaten flour contains sixty parts

in the hundred of starch
;
barley and oats contain it in

the same proportion, whilst rice contains at least

eighty parts in the one hundred. Potatoes consist

largely of water, but possess twenty-five parts in the

hundred of starch. Starch contains no nitrogen, and

consists in every twenty-one parts by volume of six of

carbon, and five of oxygen, and ten of hydrogen. The

two last elements exist in the same quantities in which

they form water, and when starch is taken as food
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the carbon alone is chemically changed. Starch,

although insoluble in water, is easily diffused through

it, and when heated with water mixes with it and

forms a thickened compound. Hence, when flour is

boiled in water it thickens, and thus puddings and

dumplings are made. Arrowroot, tapioca, sago, and

corn-flour, which is made from maize, consist princi-

pally of starch, and form thickened compounds when

heated with water. Starch is not taken up into the

blood in its natural form, but is converted into sugar

in the mouth by the action of the saliva. Hence the

importance of allowing all foods containing starch to

remain in the mouth for a little time before they are

swallowed.

19. Sugar has the same general composition as

starch. It is, however, soluble in water, and when

taken into the stomach is readily absorbed and taken

into the blood. It has two forms, which are called

cane-sugar and fruit-sugar. They both act alike on

the system. Fruit-sugar is found in fruits, and is

especially contained in the fruits of plants, as grapes,

figs, plums, pears, and other sweet fruits. Cane-sugar

is crystallisable, and is separated from the sugar cane,

beet, maple, and other plants, for dietetical use
;

all

the sugar ordinarily employed for food and the manu-

facture of sweetmeats is of this kind. Sugar is con-

tained in small quantities in all kinds of vegetable

food. Fruit-sugar undergoes the process known by

the name of fermentation, by which the sugar loses a

certain quantity of carbonic acid, and is converted into

the compound known by the name of alcohol.

20. The other force- or heat-giving substance is fat.

In this term is included all those substances which are



12 FATTY JIATTEItS.

called by the names of oil, suet, tallow, grease, butter,

and lard. They all contain compounds having the same

general nature, and consisting principally of carbon

and hydrogen, with a small quantity of oxygen. Al-

though not soluble in water fat is rendered soluble in

the stomach during the process of digestion, and is

thus taken into the system. It acts in two ways on

the system. First, like starch and sugar, it assists in

maintaining animal heat, moving and nerve-power, and

in the performance of this function it acts more effi-

ciently than either starch or sugar, as not only is the

carbon burned in the system but also the hydrogen.

As far as this function goes, one pound of butter or lard

will give out as much heat as two pounds and a half of

starch or sugar. A second function of fat is that it is

deposited in the body, and forms what is called adipose

tissue or fat. A certain quantity offat (11) is essential

to the constitution of the body, and without it the

system is not properly nourished. So essential is fat

to the body that in certain diseases—as consumption

—where it is not found in proper quantities, cod-liver

oil and other fatty compounds are given for the pur-

pose of making people fatter. Fat is obtained as food

from both the vegetable and animal kingdoms. Salad

oil is a familiar instance of the former, whilst all

animal food contains it in larger or smaller quantities.

Pork contains more fat than mutton, and mutton than

beef.

21. All food contains saline substances. If we

burn a portion of the flesh of any animal we may
drive off the carbon, oxygen, hydrogen, and nitrogen,

and “ashes ” are left. These ashes are the saline and

mineral constituents of the animal. They exist in
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the blood and tissues, and are as essential to the life

of the animal as the other products. Like the ele-

ments contained in the other compounds, they are

constantly being carried off from the body, and need

to be renewed in the food. Whilst food is being

cooked, especially in boiling, these saline matters may

be lost. Care should be taken to supply them in

the form of uncooked food. Water, milk, fresh vege-

tables, as salads and uncooked fruits, are all means of

supplying these compounds to the system. One of

the most important of these compounds is phosphate

of lime. This substance enters into the composition

of the bones, of which it forms forty per cent. When
it is deficient, the bones are soft and unable to resist

the action of the muscles attached to them, and per-

sons thus afflicted become more or less deformed.

The deficiency of this substance is a characteristic

feature of some diseases, and its administration medi-

cinally has been found very beneficial. It is con-

tained in wheat, barley, oats, and rye, and from these

sources the chief supply of it to the human body is

derived. These plants require phosphate of lime for

their growth and the perfecting of their grains

:

hence it is supplied artificially by the farmer. The
knowledge of the method of procuring and preparing

this substance for manure is one of the triumphs of

modern chemistry, and has been the means of in-

creasing and cheapening the supplies of corn for the

sustenance of man. A diet deficient in substances

yielding the phosphate of lime is injurious to man,

and should be avoided. It is on this as well as on
other accounts that a diet comprising bread made
from wheat flour forms the food of the strongest and
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most vigorous races of mankind. Another mineral

substance found in the body is chloride of sodium

—common salt. The quantity contained in a body

weighing 154 pounds is three ounces and three

quarters. So important is this substance to health

that serious diseases have been known to be produced

by its being withheld. It is the only substance

besides water which is taken in a mineral form as

food. It is used alike by the rich and poor. The

animal world needs it as well as man, and interesting

records have been given by naturalists of the pilgrim-

age made by animals to the sea-shore or to salt lakes

for the purpose of procuring this necessary of their

existence. Amongst the ashes is found potassium.

Although it exists in less quantities than the metals of

lime or soda, it nevertheless seems to act a very im-

portant part in the system. Whilst common salt is

found in the blood, tbe salts of potassium are found in

the flesh. One of the consequences of a diet consisting

of salt meat is scurvy. In meat preserved by salting,

the chloride of sodium is made to take the place of

the salts of potash, and in this way a proper supply

of potash is not afforded to the system. Our sailors

in the navy formerly suffered very greatly from

scurvy, but since the introduction of lime-juice, or

preserved vegetables, as a part of their diet, the

disease is now seldom seen. The most efficient cure

for scurvy is fresh vegetables of any kind, and as it is

known that they contain considerable quantities of

the salts of potash, it is inferred that they cure this

disease by supplying this necessary substance to the

blood. Whether the salts of potash supplied in any

other form would be as beneficial has not been tried,
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but there can be little doubt that the habitual use of

uncooked fruit or vegetables in the form of salad is a

valuable means of maintaining health. There is yet

another mineral substance found in the human body the

presence of which, though in small quantities, is most

essential to health, and that is iron. That this metal

exists in the human body is attested by the somewhat

melancholyexperiment practised by those who advocate

the ancient practice of burning, and who, instead of pre-

serving the ashes of their frieuds in appropriate urns,

have extracted from them the few grains of iron they

contain, and worn it in the form of a memorial ring.

The absence of iron from the body is indicated by

certain well-known symptoms, as paleness of the face

and lips, palpitation of the heart, and general weak-

ness
;
and this state of the system is only to be

remedied by the administration of doses of iron in

a medicinal form.*

22. Besides the foregoing substance, the system

seems to require the addition to food, in small quan-

tities, of those materials which are known by the

name of condiments and spices. They act upon the

nervous system, and seem to stimulate the stomach

to produce those changes in food which are necessary

to its digestion and preparation to convert it into

blood. In this way salt seems to act as a condiment.

Mustard and pepper, onions, sage, and thyme, are all

used in the same way. Nutmegs, cinnamon, and

cloves, which are eaten with sugar, act in the same

manner, and are known as spices. There is no doubt,

also, that small quantities of alcohol taken with food

* See ‘ Good Food.’ By Dr. Laukester. Iioutfedge and

Sons. Price 6d.
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act similarly, and is the foundation of the pernicious

practice of taking alcohol for the sake of its in-

toxicating effect.

23. Alcohol, which is the product ofthe fermentation

of sugar (19), acts as a powerful stimulant on the

nervous system. It is the basis of wines, beers, and dis-

tilled spirits, and is one of the most dangerous articles

of food. When taken in large quantities, in any ofthe

above forms, it acts most injuriously on the stomach,

liver, brain, heart, and other organs of the body. So

destructive is the effect of this agent on the whole body

that large numbers of persons avoid its use altogether,

and thus have successfully demonstrated that the use

of this agent is not necessary to health. If, how-

ever, it is employed, it should not be taken without

other kinds of food, as, even diluted in the form of

beer or wine, it is found to act injuriously on the

delicate membranes of the stomach and other diges-

tive organs. When taken in quantities beyond that

required to act as a healthy stimulus to the nervous

system, it is found to destroy the quality of the blood,

to congest the membranes of the brain, to produce

incurable affections of the liver and kidneys, and to

effect changes in the muscular structure of the heart,

the result of all of which are painful and lingering dis-

eases, or sudden death.

24. There is another group of substances taken as

food, of which we must take notice, and these are tea,

coffee, and chocolate. Although the leaves of tea

and the seeds of coffee and chocolate have a very dif-

ferent composition, they all agree in containing an

active principle which acts powerfully on the nervous

system. This principle is called tlicinc in tea, caffeine
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in coffee, and theobromine in chocolate. It is abso-

lutely identical in tea and coffee, and only differs

slightly in chocolate. Tea contains, besides theine,

volatile oils, which give to it its peculiar flavour, and

also tannin, an astringent substance. Strong tea acts

injuriously on the nerves, and, when taken of the

usual strength, it is apt to interfere with the diges-

tion of meat, on account of the tannin coagulating the

albumen. Tea is best taken with milk and sugar, as

is the usual practice of Eugland; but it should be

recollected that, whilst small quantities of this bever-

age, like alcoholic beverages, may be taken with im-

punity, that large quantities interfere with healthy

digestion, and lay the foundation of serious disease.

Coffee contains less theine than tea, but as larger

quantities of the roasted seeds are used than of tea

to form a beverage, the nervous system is acted

on as much by the use of one as the other; and
coffee, like tea, may be taken to excess. Coffee also

contains volatile oils, and an acid, which gives it its

flavour; but it contains no tannin. Chocolate, or

cocoa, differs from tea and coffee in containing large

quantities of fat. Cocoa-paste contains half its weight
ot fat, and also a certain quantity of albumen. It is

on this account that cocoa may be regarded as a sub-
stantive article of diet. It contains less of the active

principle than either coffee or tea. Cocoa and choco-
late are the same thing, but the latter term is used
when the seeds of the cocoa are ground into a paste,

and vanilla is added to flavour the compound.
25. The foregoing substances enter more or less

largely into the daily food of man. Great as is the
variety of food which he takes, each form of food is
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capable of beiDg analysed, and the quantity of flesh-

formers, force-giving, and mineral matters that it

contains ascertained. The quantity of those sub-

stances required by man must vary according to age,

sex, climate, size, health, and daily work. The young

of the mammalia are all fed for some months after

their birth by milk. This liquid contains all the sub-

stances necessary to a healthy diet. In one hundred,

pounds of milk there are five pounds of casein, three

pounds and a half of butter, four pounds and a half of

sugar, and one pound of mineral matters
;
the rest is

water. The milk of all animals may be used as food

by man
;
and although it is the especial food of in-

fants, it is an excellent addition to the food of man at

ail ages. Eutter is separated from milk, and used as

a separate article of diet, whilst the casein and water

are separated by the name of cheese. The casein is

less digestible in this form than in milk, but never-

theless cheese is a highly nutritious article of diet,

and may be employed with great advantage as an ad-

dition to daily food. It is difficult to estimate the

quantity of food that a human being ought to take in

a day. A healthy infant of six months old will con-

sume from one quart to three pints of cows’ milk.

An average man, weighing one hundred and fifty-four

pounds, is found to consume in a day four ounces of

flesh formers, twelve ounces of starch, five ounces of

butter and fat, two ounces of sugar, and one ounce of

mineral matter. This will give a fair idea of the

average quantity of solid food required by mau.

When men work hard they require more food, and

persons taking but little exercise require less than

those who take a great deal. Growing boys and
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girls, between twelve aucl eighteen years of age, re-

quire more food than grown-up men and women, as

they not only need food to perform the functions

of life, but also food to permit of the growth of the

various organs of their body.

26. It will be seen that all food must contain ivater.

The starch must be made sugar in the mouth to

be dissolved in water
;
the albumens are rendered

soluble in water before they are taken up into the

circulation
;
and the fatty matters are converted into

soluble soaps by the alkalies of the secretions before

they are converted into a part of the body. At least

fifty per cent , of solid food, such as meat and bread,

is water, whilst, in addition, man drinks in beverages

from fifty to one hundred ounces in the day. It is

is on this account that it is most important that man
should get his water pure. Water is usually ob-

tained from rivers or springs, and, under these cir-

cumstances, always contains a certain quantity of

organic and inorganic impurities. The latter are de-

rived from the soil and rocks over which or through

which the water flows. They consist of the salts of

lime, potash, and soda, and when they do not exceed

a quantity of from thirty to forty grains in the gallon,

are not injurious to health. Water, however, is liable

to other inorganic contaminations, more especially in

keeping in cisterns, and these, especially the salts of

lead, should be carefullyavoided. When water contains

much of the salts of lime, it is called hard

;

and when
it contains little or none, as in rain-water, soft.

Waters containing large quantities of saline matters

are called mineral. At Bath and Clifton the water

comes from its springs in the earth quite hot,
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lienee it is called thermal. The most dangerous

contamination of water, however, arises from its

organic impurities. In river water, the death of

its living inhabitants will produce a certain quantity

of organic matter. Unfortunately this matter is now
too often increased by making use of rivers as com-

mon sewers for receiving the refuse of towns and
villages on their banks. The sewage of houses and

towns not only contains decomposing animal and vege-

table matters, but the active germs of fatal diseases.

Just, as the air is capable of diffusing the poisons of

smallpox and scarlet fever, water is capable of dis-

seminating the poisons of typhoid fever and cholera.

Thus, these diseases have been propagated by the

supply of river water to towns. The great outbreak

of cholera in the East of London, in 1866, was traced

to the contamination of the water of the Eiver Lea,

which supplied that part of London. In the same

way spring, well, or pump-water may be contaminated

by organic matter leaking into the wells from which

it is procured. One of the simplest methods of de-

tecting organic matter in water is to drop into it a

solution of permanganate of soda or potash (Condy’s

Eluid). If the solution retains its colour, the water

may be regarded as sufficiently free from organic im-

purities to permit of its use. If, however, the solu-

tion loses its colour rapidly, the water must be

regarded as unfit for use as an article of diet. In all

doubtful cases water should be boiled or passed

through an animal-charcoal filter before it is drunk.

Water may be used for washing purposes which might

be very injurious if drunk.
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CHAPTER III.

OK DIGESTION, AND THE ORGANS BY WHICH IT IS

PERFORMED.

27. Before the food of an animal can he appro-

priated to the use of its body it is submitted to various

operations, by which it is fitted to become the means

and source of life. In the lowest animals this process

is of the simplest kind. Amongst the animacules are

creatures which consist merely of a hag or stomach,

into which the food is carried, and, by a simple pro-

cess of absorption, the food passes into the structure

of the body, and performs all the functions of life
;
in

fact, the lowest animals consist of merely a bag or

stomach, into which the food is taken, and the nou-

rishing and vital parts of the food being taken into

the surrounding parts, the useless constituents of the

food are rejected by the same orifice in which they

are taken in. Such is the structure of hydras, sea-

anemones, jelly-fishes, polyps, and other low forms of

animals. As we ascend in the scale of organisation

we meet with animals in which a higher structure is

present. The food is received into a bag or stomach,

and soaks through from thence into a circulatory

system of fine tubes, where it becomes a part of that

fluid known as the blood. The food of all animals

undergoes certain changes in contact with the oxygen
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of the air, which is necessary for their life
; and this

function, which goes on all over the body in the
lower animals, is carried on in special organs in the
higher animals. In fact, as we ascend from the lower
to the higher animals, we find that particular organs
are assigned for the performance of special operations
or functions. Thus, the oxidation of the food, which
is carried on in every part of sponges, animalcules, and
polyps, is performed by gills in crabs and lobsters and
fishes, and by lungs in land-breathing animals and man.

28. In man and the higher animals, the food, before
it is converted into blood and applied to the uses of
the system, undergoes an elaborate series of changes.
It is first taken into the mouth, and that food which
which is not liquid undergoes the process of masti-

cation. For this purpose the mouth is supplied with
teeth. These organs have a different structure, accord-
mg to the food they have to act on. In herbivorous
animals the teeth have broad surfaces, as in the sheep,
ox, and horse, for the purpose of enabling them to
triturate their food before it enters the stomach.
These teeth are called grinders. Animals such as the
lion, the tiger, cats and dogs, which live principally

on animal food, have cutting teeth, whilst in man, who
is destined to live on a mixed diet, the two sorts of
teeth are found. The human infant is born without
teeth, but at the sixth month they begin to appear,

and by the end of the fourth year twentv teeth

appear. These are called the milk teeth, and are

destined to disappear and make way eventually for

thirty-two teeth, which are sometimes not fully de-

veloped until the human being has reached the age of
from sixteen to twenty-five years. These teeth con-
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EXPLANATION OF PLATE I,

Exhibiting the Structure of the Teeth and Glands of the

Mouth, described in paragraphs 28, 29 and it.

Fig. 1.—A set of human teeth. The last five are

called molars or grinders. They are divided into large

and small molars. The first two are also called pre-

molars and the last three time molars. In the human

iaw after the twenty milk teeth are shed, there aie

emlit teeth on each side of both upper and lower jaw

like those in the plate. The canine tooth is sometimes

called the eye tooth. The incisors are also called

gnawing teeth, and are characteristic of rats, mice,

rabbits, and squirrels.

Fig. 2.—Section of a canine tooth, a. The enamel or

outside of the tooth, and the hardest structure of the

human body, b. The dentine which constitutes the

largest mass of all teeth. It is the same structure as

that which produces ivory in the elephant’s tusk. c. The

outside of the fang called cementum, and resembling

bone in its structure, d. The pidp-cavitxj containing

the blood-vessels and nerve of the tooth. When the

tooth decays and reaches the pulp-cavity where the

nerve is, toothache is produced.

Fig. 3.—Diagram of the skull of a boar, showing the

three classes of teeth. The canine teeth are very large.

The boar has also a larger number of incisor and molar

teeth than the human being.

Fig. 4 exhibits the minute structure of one of the

glands, called the parotid, situated beneath the lower

jaw, and which secretes the saliva or spittle, which

lubricates the mouth, and reduces the starch of the food

to the condition of sugar. The grape-like cells secrete

the saliva which passes along the branching-tubes into

the mouth under the tongue. The disease called the

mumps arises from inflammation occurring in this

gland.
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sist of eight teeth in front, like chisels in shape, four

in the upper jaw and four in the lower
;
they are

called incisors. On each side of these above and

below, is a cutting tooth, like those of lions and tigers,

called a canine tooth. Beyond these, on either side,

are five grinding teeth, called molars, this making alto-

gether thirty-two teeth. It is between these cutting

and grinding teeth that the food is first prepared

before being carried into the stomach lor digestion.

29. Whilst the process of mastication is being

carried on, the food is mixed with a fluid in the

mouth, called saliva or “ spittle.” This fluid is

exuded from organs, called glands, seated on the

sides of the lower jaw, and which empty their con-

tents into the mouth. Saliva is constantly being

thrown into the mouth, and the glands which pro-

duce it are stimulated to action by substances taken

into the mouth. Thus, tobacco smoke stimulates

these glands, and engenders in those who smoke the

injurious habit of spitting. The saliva contains an

active principle, called salivin, which, mixing with

the starch of food, converts it into sugar (18). The

process in which the saliva is so mixed with the food

is called insalivation, and it is most necessary to

healthy digestion that all food containing starch,

such as bread, flour puddings, arrowroot, and corn

flour, should be thoroughly well insalivated before it

is swallowed.

30. When food is masticated and insalivated it is

swallowed. This process is technically called deglu-

tition. The tongue is employed in this process, and

the food having been formed into a lump or bolus by

the action of this organ, is transferred to the back of
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the throat. Here it is received by a bag, called the
pharynx, which by its muscular action propels the food
down the gullet into the stomach. This again is a bag,

consisting of a muscular coat, capable of acting on
and propelling the food like the pharynx and gullet

;

its interior is lined with a mucous membrane, in which
are placed certain glands which have the power of
secreting an acid juice, which is called gastric acid or

mice. This juice, like saliva, contains an active prin-

ciple called pepsin
, which acts more particularly on the

flesh-forming constituents of the food, and converts
them from substances incapable of solution in water
into soluble substances, called peptones. The flesh-

forming substances, such as meat, albumen, and casein,

are all converted into the same soluble matter, which
readily soaks through the wall of the stomach into

the blood-vessels. The food in the stomach not dis-

solved is converted into a pastey mass. This mass
moves from one end of the stomach to the other, and
passes into the bowels through an orifice called the
pylorus.

31. The food having passed the pylorus, is subject

to the action of two other fluids— one coming from

the liver, called bile, and another from the pan-
creas, called pancreatic juice. These two fluids are
poured together into the bowels a few inches below
the pylorus. The result of the mixture of these
fluids with the pastey mass or chyme is the produc-
tion of a milky liquid matter called chyle. It consists

of the dissolved sugar and peptone, and minute par-
ticles of fatty matter suspended in water. All over
the interior of the bowels are a number of minute
points called villi, like the “ pile ” on velvet. They
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EXPLANATION OF PLATE II,

Shewing the Structure of the Digestive Organs, and

described in 'paragraph 30.

Fig. 5.—Diagram of the human stomach.

a. Entrance of the gullet.

b. The cardiac orifice of the stomach.

c. Left border of the stomach.

d. The greater curvature.

e. The lesser curvature.

f. The right border.

g. Commencement of the intestines.

h. The pylorus, or pyloric orifice, which is

contracted.

Fig. 6 represents two gastric glands. These glands

form depressions in the lining of the stomach and the

cells with which they are lined are seen. These cells

secrete the gastric juice, which contains pepsin, and

effects the digestion of the food. When the food passes

into the stomach the cells containing the gastric juice

are thrown loose into the stomach, as seen at the top of

the diagram. No sooner are these cells cast off than a

new set begins to grow.

Fig. 7.—A single villus largely magnified to show the

network of blood-vessels it contains, and also the tubes

which convey the chyle.

Fig. 8 —A cluster of villi. It is by means of these

organs that the chyle of the blood is absorbed and is

carried into the lacteals. The villi are covered over

with cells, which absorb the chyle before it is soaked up
by the villus.
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consist of small blood-vessels and a duct, which last

absorbs the fluid chyle, and carries it into a net-

work of minute vessels outside the bowels called

lacteals, whilst the blood-vessels also soak up some of

the liquid. The milky fluid in the lacteals is carried

into a larger vessel called the thoracic duct, which

empties itself into the blood of the veins in the upper

part of the chest very near the heart. In passing

from the stomach along the bowels, a large proportion

of the liquid contents of the chyle is taken directly

into the minute blood-vessels which line the inner

membrane of the stomach and bowels, but tbe blood

in these does not go at once to the heart to be sent

by it all over tbe body, but, as we shall see, it has

first to pass through the liver, where the absorbed

food is more thoroughly made into blood. The un-

digested parts of the food are carried along the bowels

and are ultimately rejected.

32. The ultimate object of the function of digestion

is the preparation of the food for being absorbed and

converted into blood. Although amongst the lower

animals, little or no preparation of the food before

being masticated is found necessary, it is owing to the

characteristics of man that he is a “cooking animal,”

and that previous to eating it, he submits a large pro-

portion of his food to heat. This is found to aid

greatly in the process of digestion, amd facilitates the

conversion of food into blood. Food is cooked either

by placing it in contact with heated air or heated

water. The former process is called baking or

roasting, the latter boiling. Animal and vegetable

foods are submitted to either of these processes.

"Wheaten flour is mixed with water, and then fermented
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with yeast and submitted to heat, and is then called

leavened bread. When flour is not fermented, biscuits

of various kinds are produced and form unleavened

bread. By the process of leavening, the bread is

vesiculated by the particles of carbonic acid gas, pro-

duced by the leaven, and it is thus made light and is

more easily digested than unleavened biscuits. Bread
is sometimes made light by pumping into it atmo-

spheric air, which vesiculates it in the same way as

yeast, and it is then called “ aerated ” bread.

33. Animal food is also baked and roasted
;
by this

means the little cells and fibres of which animal flesh

is composed are broken up, and they are more readily

digested than raw meat would be. In baking or

roasting, care should be taken to expose the meat to

a strong heat at once
;
this has the effect of coagulat-

ing the albumen which is contained in the meat, and

which thus forms a kind of impermeable case round

the baking or roasting meat, and prevents the juice

from the interior of the meat from runn ing awav.O J

This juice contains the flavouring matter of the

meat, as well as other chemical compounds which,

acting on the mouth and stomach, influence bene-

ficially the process of digestion. It is on this account

that small quantities of animal food are better than

none, and act more advantageously than equivalent

quantities of vegetable food.

34. In boiling animal food, the same principle

should be recognised as in baking or roasting. The

animal or joint should be first placed in boiling

water till a case of coagulated albumen is formed

outside. When this is formed, the heat may be

reduced and the meat cooked at a somewhat lover

i
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temperature. In all cases where animal food is boiled,

it should be recollected that certain quantities of the

flavouring and saline principles of the meat are dis-

solved in the water. These may be made available

for food by converting the water thus employed into

soup. The use of soup as an article of diet is much

neglected. Many portions of animal food which

cannot be served up separately, may be made into

soup which, thickened with the flour of wheat, barley,

oats, peas, lentils, maize, rice, or potatoes, and

flavoured with condiments (22), form excellent

food. All articles of diet containing starch are

thickened or even made solid by boiling. Thus

flour and water are mixed and made into a paste,

which, by boiling, become converted into “dump-

lings.” Eggs mixed with flour and various other

things, form “puddings” by the process of boiling.

35. It is very desirable that all cooked food should

be taken hot. When cold food is taken it reduces

the temperature of the stomach, and both the nerves

and vessels of the stomach are taxed in order to bring

the temperature of the food thus taken up to that of

the human body. Mankind in all ages seems to have

discovered that it is desirable to prevent this tax upon

the internal organs, and have taken their food hot in

order to prevent it. It was death to the Roman slave

to bring in his master’s water tepid or cold, so much
importance did they attach to hot water as drink.

We drink tea, coffee, and chocolate hot, and these

substances are added to water in order to flavour it

which is a necessity of the system. It should,

then, be recollected that a hot meal is a great

economy compared with a cold one, and that, asarulo
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of life, it is better to consume food hot rather than
cold. It is only in very hot weather in temperate
climates, or in tropical climates, that food can be
taken with advantage when cold, or that ice and iced

drinks can be taken with impunity.

36. Not only should food be properly prepared
before it is eaten, but it should be taken at proper
times. Vegetable food requires a longer time to

digest than animal food, and herbivorous animals take

larger quantities of tood and are longer in digesting

it than carnivorous animals. Man is an omnivorous
animal, and whilst he can exist either entirely on
animal food, or on vegetable products only, he un-

doubtedly flourishes best on a mixed diet. An
examination, also, of the structure of his teeth,

stomach, and bowels show that he is adapted to take

a mixture of animal and vegetable food. Under these

circumstances man is found taking his meals several

times a day, and there is no doubt that he digests his

food better by taking it twice than once a day, and
three times better than twice. It seems a most
natural arrangement that he should take breakfast,

dinner, and supper. Breakfast should be taken from

half an hour to an hour after rising. Dinner or

luncheon four or five hours after breakfast, and supper

or dinner five or six hours after the middle-dav meal.

It is never well to protract the last meal to within a

short time of going to bed. A full stomach interferes

with the action of the heart, and blood-vessels, and

lungs, when the body is in a horizontal position.

Time should also be given to the taking of food, and

meals should be taken sitting, and at least half-an-

bour should be given to each meal.
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EXPLANATION OE PLATE III,

Showing the Relative Position of some of the Organs of

Digestion, Respiration, and Circulation, referred to in

paragraphs 28, 29, 30, 31, and 37.

Fig. 9 stows the arrangement and relations of the

organs of digestion and respiration. The teeth of the

upper jaw are seen in section, and the tongue leading to

the bag at the upper part of the gullet, called the

pharynx
;

the gullet is seen leading down into the

stomach which is seen in Plate II. Under the tongue

lie the salivary glands, an enlarged view of which is

seen in Plate I. In front of the pharynx is the larynx,

which contains the organ of voice. In front of the

larynx is the thyroid gland, and, leading into the lungs,

is the trachea or wind-pipe.

Fig. 10 shows the lacteal or mesenteric glands, with

the lacteals which convey the chyle from the intestines

to the large duct called the thoracic canal. The latter is

seen lying close to the aorta, the great blood-vessel

which carries the blood from the heart to all parts of

the body. The thoracic duct empties its contents into

the blood through the large veins of the neck.
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CHAPTER IV.

OX THE XATURE OF THE BLOOD, AXD ITS CIRCULATIOH

BY THE HEART.

37. The food, after being dissolved, is taken up into

the blood-vessels, either directly or through the lac-

teals, and is the great means of the renewal of the

blood. This, however, is not the only fluid which enters

the blood, and serves for its production. Throughout
the whole body there exists, besides the fine network
of blood-vessels, a network of minute vessels, called

lymphatics, and which join the thoracic duct like

the lacteals. They contain a clear fluid, which is

called lymph, and is derived from the various parts

of the body to which these vessels are distributed.

Just as the blood-vessels and lacteals of the bowels
take up the liquid food, so do the lymphatics and the
blood-vessels in muscles and nerves and bones take
up the liquids which these turn into as they die and
waste away, in doing their work. In the lower animals
the blood is generally free from colour, like lymph;
but as we ascend in the scale of organisation the
blood gradually becomes opaque, and in fishes, reptiles,

birds, the mammalia, and man, it is red.

38. The blood of man, when drawn and looked at
with the naked eye, is a red liquid. When allowed
to stand for a few minutes it “ coagulates,” and is
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separated into two parts—a solid part, which is called

clot, and a liquid part, in which the clot floats, and

which is called serum. If a drop of blood is placed

under a microscope before it coagulates it is found

to consist of two parts—a liquid, called “ liquor san-

guinis .

,” and a number of small flattened globules or

cells, which are called blood globules. The latter are

of two kinds, red and white. The white globules are

rounder, rougher, and larger than the red ones; they

differ further in containing a more solid central part

or kernel, aud do not form more than one in a

hundred of the blood-globules altogether, though

the lymph is full of them. Their “kernels” or nuclei

are supposed to escape and become red globules.

The red globules are very minute, and when measured

are found to be -gJ^th of an inch in diameter : that

is, 3500 of these minute bodies could be placed side

by side on a single linear inch. These red globules are

depressed both above and below, and in man and those

animals which suckle their young, have no kernel;

but in birds and reptiles and fishes they have one.

The red globules are composed of a red substance

called hcemoqlobin, which can be separated into an

albumen called globulin, and a colouring matter,

which gives the thin red colour, aud is called Ticematin.

The size and shape of the blood-globules varies in

different animals. In sheep, oxen, and deer, they are

smaller than in man, and are much larger in reptiles;

they are oval in birds and fishes. A knowledge of the

forms of the blood-globules has sometimes led to the

detection of crime by revealing the exact nature of

blood-stains found upon clothes after the commission

of crime.
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EXPLANATION OF PLATE IV,

Representing the Structure of the Heart and the Passage

of the Blood through the Lungs, and referred to in

paragraphs 40, 41, 42, 43, 44, and 45.

Eig. 11 represents a section of the heart. It will be

seen that there are four cavities, two on the right side

and two on the left. The upper two are called auricles,

and the lower two ventricles. The right auricle receives

the blood from the great upper vein (vena cava descendensj
,

and from the great lower vein (vena cava ascendens).

The right auricle sends its blood through the tricuspid

valve into the right ventricle, from whence it is carried

by the pulmonary arteries to the lungs, and then, aerated,

it returns to the left auricle of the heart, passes through

the mitral valve into the left ventricle, from whence it is

projected into the aorta to be sent to the whole of the

body.

Fig. 12 is a diagram of the circulation of the blood in

the whole of the body. In this diagram the circulation

of the blood through the capillaries of the lungs and of

the whole of the body is represented. There is one thing

to be noticed here, and that is that the pulmonary arteries

carry venous blood whilst the pulmonary veins carry

arterial blood. The distinction between an artery and a

vein is not that the one carries arterial and the other

venous blood, but that the artery carries blood from the

larger to the smaller paids of the vessel, whilst the vein

carries blood from the smaller to the larger parts of its

tube. It will be seen from these diagrams that the ven-

tricles have thick walls and are more powerful organs
than the auricles as they have more work to do.
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39. The liquor sanguinis consists of water, albumens,

and saline matters. When blood coagulates, an albu-

minous body which has been called blood-fibrin is

formed, and separates, entangling the blood-globules,

and constitutes the clot. The serum which is left

holds in solution most of the albumens and saline

matters. The serum also contains various other matters,

such as colouring and odoriferous principles, with dis-

solved fatty matters. The proportions of these sub-

stances in 100 parts of dead blood is as follows :

—

Water 79 parts, albumens 4, globules 14, fibrin i, and

the salts and other principles 2±. It also contains

oxygen and nitrogen gases, carbonic acid and a little

ammonia. Thus constituted, it is carried by means

of the heart and arteries to all parts of the body.

On coming in contact with the delicate structures of

the body it supplies them with new materials by which

they perform their various functions, and carries away

those particles which have done their duty in the

work of life. In its course through the body it is

carried to various glands, which separate from it those

compounds which are to be thrown off from the body.

Whilst in the lungs, it takes up oxygen gas, but
throws off carbonic acid gas, which is injurious to the

body. In the liver it gets rid of certain products

which form the bile, and which appear to be again

taken up into the blood in the bowels. In the kidneys

it gets rid of a substance called urea
,
which, like the

albumens, is formed of all four of the organic elements,

and represents these substances in a changed and
effete form, by which they are thrown out from the

body.

40. The organs by which the blood is carried all
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through the body are called a circulatory system.

In the lower animals this system consists of a simple

open vessel, situated between the stomach and skin,

which contains an uncoloured fluid, the result of the

direct conversion of the food into a nutritious

material. In insects, this simple vessel presents cer-

tain dilatations, which expand and contract, and send

the fluid blood through all parts of the body. Pass-

ing upwards, through fishes and reptiles, these hags
,

become more complicated in their structure, and form

what is called a heart. In birds, the mammalia, and ,

man, the heart consists of four cavities, which are all

bound together to form one organ, called a heart.

The structure of this organ can be best understood

by tak'ug the heart of a sheep or bullock, and cutting

it up with a pair of scissors, when the four cavities
j

can be easily discerned.

41. The heart in the higher animals and man is

divided into a right and left side, or a right and left
j

heart. Each of these has two cavities. One of

these cavities is called an auricle, the other a ventricle.
j

They are all composed of muscular fibres, which are ;

so arranged that when the muscles contract the :

cavities become shrunk, and the blood which they

contain is pressed out of them. The auricles are
j

thinner and less powerful than the ventricles, and

the ventricle of the right side is of less size and weaker

than on the left. In man, the heart is placed a very
j

little to the left of the thorax, and its pulsations
,

may easily be heard by placing the ear on the

left side of the chest. The right auricle receives into

it the blood which flows along the great veins from

the head and lower parts of the body. The hiood
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EXPLANATION OF PLATE YI,

Exhibiting the Arterial System in Mem. A description of

the structure and functions of the arteries is given in

paragraph 42.

In the diagram all the other organs are removed in

order to show the whole arterial system. The blood
which passes along the arteries is pumped into them by
the left ventricle. It first passes into the aorta through
the arch which is seen in the diagram. The arch of the
aorta before it descends gives off the arteries leading to

the right and left arms, and also the carotid arteries

which pass into the skull and supply the brain
with blood. The aorta then passes into the chest and
abdomen and gives off arterial branches in its course,

the most important of which are those which go to the
chest, to the stomach, the liver, the kidnies, and the
organs in the pelvis. In the pelvis the aorta bifurcates
and sends down branches which supply blood in the pelvis

and thefemoral arteries, which pass down the front of the
thigh, and divide again to supply the legs. The arteries

tei'minate in minute branches, which form the capillaries

uniting in all parts of the system the arterial and
venous systems. The veins in returning the blood to
the heart take almost the same course as the arteries,

but the veins are situated more superficially than the
arteries and are easily seen through the skin on the
surface of the body.
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haring flowed into the auricle it contracts, and forces

the blood into the ventricle. The ventricle contract-

ing, propels the blood through the large blood-vessels

called the pulmonary arteries, through which it passes

into the lungs. The right side of the heart is hence

called the pulmonic heart, because it forces the blood

into the lungs. Whilst passing through the lungs,

the blood is exposed to the action of the atmospheric

air, and becomes changed in colour from a dark

colour to a bright red. The dark blood is called

venous blood, as it has been brought to the lungs

from the veins
;
the bright red blood is called arterial

blood, as it passes from the lungs to the left heart, and

is thence distributed by this organ through blood-

vessels called arteries to the whole of the body. The
left heart is hence called the systemic heart. The blood

passes from the lungs by the pulmonary veins to the

left auricle of the heart, which, when the blood arrives,

contracts and sends it into the left ventricle
;
from

this cavity, which is the strongest and most powerful

of all the cavities of the heart, it is sent into the great

aorta, a large blood-vessel which runs first upwards,

then curves round and runs straight down along the

interior of the body, giving off in its course numerous
branches, by which the living stream of the blood is

conveyed to all parts of the body.

42. The blood is carried by the aorta and its

branches to the head, to the arms, to the stomach
and bowels, to the liver and kidneys, to the legs,

and all other parts of the body. It courses along

blood-vessels, all of which are called arteries. These
blood-vessels are seated deeply in the textures of
the body, and are composed of an elastic fibrous

3
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membrane, which yields to each separate impulse

of the heart, and which, in some places, as in the

neck, can he seen with the eye, and in some

parts can be felt with the finger. The beating of

the arteries, produced by the contraction of the

heart on the blood, is called the pulse. When the

ear is applied to the chest over the region of the

heart, two sounds are heard, the first, a longer and

duller sound than the second, which is sharp and

short. These sounds result from the quick move-

ment of flaps of membrane inside the heart, which

are pressed against by the blood when the heart con-

tracts, and so prevent it from going the wrong way.

The pulse is the result of the contractions of the

heart, and equals them in number. The pulse varies

much in frequency, according to age, health, and other

circumstances. Seventy beats in a minute may be

regarded as the ordinary number of a healthy man.

It is much quicker in infants and children, and slower

in old age. It is quicker in women than in men, and

beats more frequently in an erect position than in

lying down, and is more rapid during exercise than

when persons are resting.

43. The arteries terminate in delicate networks of

small blood-vessels, called capillaries. They are called

so from their resembling a hair (capilla). They are,

however, finer than any hairs, varying from the five

thousandth to the fifteen hundredth part of an inch

in diameter. Between these capillaries, which are

looped together and form a network, are minute

interspaces, consisting of the various textures of the

body. The walls of the capillaries are so thin and

soft, that they admit of the fluid parts of the blood



OXIDATION OP TISSUES. 35

soaking through them, and thus a perfect commu-
nication exists between them and the textures of the

body in which they are placed. The arteries then,

comiugyOw/i the left side of the heart, terminate in

capillary vessels, and it is through these that the

blood passes to that set of vessels which go lack to

the right side oi the heart, and are called the veins.

In the capillary vessels the chief work of the blood

is done. It is here, as we have seen, that those

intercharges between the blood and the tissues take

place, which are necessary for the nourishment of

the body and the carrying on of the various func-

tions of life. In these minute vessels those changes
take place which result in what is called “ inflamma-
tion, and it is from the unhealthy action of the
capillaries that thn«e deposits are made in the tissues

which result in some of the most fatal diseases to

which human beings are subject. Some of these
diseases are familiarly known as cancer, scrofula, and
tubercles of the lungs, or consumption. The blood
coming from the left side of the heart contains more
oxygen than that going to the right. It is during its

passage through the capillaries of the body that it

loses a portion of its oxygen, which is used up in
“ oxidizing” the tissues.

44. The blood, having passed through the capil-

laries, goes to the veins, and from them is conveyed to
the right side of the heart. The coats of the veins are
thinner than the arteries, and, when empty, they
collapse, but an artery remains tubular after it has
been emptied of its contents. The veins are usually
placed on the surface of the body, and can be seen
carrying the dark blood on the backs of the hands, on
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the arm, and in the neck. The veins, in carrying up

the blood from the lower parts of the body, have a

difficult task to perform
;
and when their internal

structure is examined, it is found that they are assisted

in this work by a series of valves. These va’ves are

placed directly across the veins, and allow the blood

to go onwards, but prevent its going back
;
they act,

in fact, like ordinary flood-gates, which allow the water

to go through in one direction, but shut when it

attempts to flow the other way. It was the observa-

tion of these valves that led Harvey to the discovery of

the circulation of the blood. He felt sure that the

blood must go on in the veins into the heart
;
and

although he never saw it passing through either the

capillaries of the lungs, or the system, he felt himself

justified in asserting that the blood passes constantly

from one side of the heart, round by the body or

lungs, to the other. By the aid of a microscope,

every one can now see what Harvey never witnessed,

and that is the passage of the blood-globules through

the capillaries. This may be easily seen by placing

the web of a frog’s foot or the tail of a tadpole under

the object-glass of any good microscope.

45. A word must now be said about the “ valves of

the heart,” those flaps of membrane which we men-

tioned just now as causing tbe “sounds” by their

movement. The veins of the head and those of the

body run each into very large veins, called vcnve cavve,

of which there are two, one running upwards, and the

other downwards. These unite very near the heart,

and open into the right auricle. Through this auricle

the blood flows into the right ventricle, which becomes

nearly full of blood, and is quite filled by the contrac-
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EXPLANATION OF PLATE V,

Shelving the Valves of the Heart and the relation of the

Heart and Lungs ; the subjects of these illustrations are

moreparticularly referred to in paragraphs 45 and 48.

Fig. 13 shows a section of the upper surface of the

heart, the auricles ou each side having been cut away.

1 and 2 show the tricuspid valve which is the valve that

closes to prevent the blood from the light ventricle

going back into the right auricle when it contracts. 3,

is the mitral valve closed, and which prevents the blood

from passing from the left ventricle into the left auricle.

At the commencement of the pulmonary artery and the

aorta are valves called semilunar or half-moon shaped
valves, which being pressed upon by the blood as it goes

forward, closes the valves and prevents the blood from
going back. There are no such valves in the vense cavse

or pulmonary veins, as the blood flows with great ease

from these veins into the right and left auricles. The
valves of the heart are very liable to diseases which
prevent their closing completely, and then serious de-

rangements of the whole circulation occur.

Fig. 14 shows the relative position of the heart, great

vessels, and lungs in the human chest, vj, vj, are the two
jugular veins which carry the blood from the head to

the right side of the heart. The veins of the arm are

also marked, bringing up the blood from the arms.
vc is the great vein (vena cava ascendens)

bringing up
the blood from the trunk and legs ;

od is the right

auricle
;

vg, the left ventricle
;

a is the great aorta
which carries the blood to all parts of the body

;
and

c, c, c, are the carotid arteries proceeding from the arch
of the aorta and carrying the blood to the head.
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tion of the auricle which then occurs. As soon as

this happens, three flaps which are placed between

the auricle and ventricle are pressed out by the

blood, and so stop its going back into the auricle.

Then the ventricle contracts, and forces the blood

into the pulmonary artery, at the entrance to which

are three more flaps, which prevent the blood from

getting back into the ventricle after it has once been

squeezed out. Just the same thing happens on the

left side of the heart with the blood coming in from

the lungs, but the valve between the left auricle and

ventricle has only two flaps. The right auriculo-

ventricular valve is called the “ tricuspid,” from its

three long flaps
;
the left auriculo-ventricular valve is

called the “ mitral," and is the strongest in the heart;

it gets its name from resembling somewhat a bishop’s

mitre. The valves at the entrance of the arteries are

called the “ semilunar valves.” The contractions of

the heart are, as we can feel, very quick and sudden,

and so are the movements of the valves. The two

auricles move at the same time, and then immediately

the two ventricles. The first sound is caused by the

tricuspid and mitral valves
;

the second (short and

quick) by the semilunar valves. It will be seen that

the most delicate part of the structures entering into

the organs of the circulation are the valves. If these

valves refuse to perform their duty, a disturbance of

the circulation ensues. Various defects of the valves of

the heart have been recognised by medical men, and all

are attended with serious consequences to life. These

defects of the valves can be detected by applying the

ear to the chest, as they are always accompanied by a

modification of the healthy sounds of the heart.
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46. Although the veins generally carry the dark-

red blood that has been used in the capillaries

directly to the heart, there is one notable exception,

and that is in the case of the veins that supply the

stomach and bowels. These veins, instead of carrying

their blood into the great vein which goes direct to

the heart, form a network in the liver (3L). The

vein which carries this blood into the liver is called

the portal vein ; and when it penetrates the liver it

divides into minute branches, which are surrounded

by fine tubes called gall- or bile-ducts, which lead into

one large duct, and thus into the bowels. It is from

the contents of the portal vein that the bile is formed,

and passes into the gall-ducts. But besides this sepa-

ration of bile from the blood, the liver changes it in

other ways
;
a body like starch (called glycogen) is

separated from it, and the absorbed food is made more

thoroughly into blood
;
blood-globules also are made

here. The spleen, thyroid gland, and lymphatic glands,

are bodies (the latter scattered all over the body)

through which the blood passes, and in which it is

changed, more or less, but nothing is taken out of it.

In the spleen, blood-globules are formed in great

numbers.
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CHAPTER Y.

ON BREATHING, OR THE FUNCTION OF RESPIRATION.

47. In all animals the food which is destined to

become a part of their bodies is exposed to the action

of the atmosphere. Enveloping the whole earth, and

extending forty miles in height, is the atmosphere in

which we all live. It is composed oftwo gases, oxygen

and nitrogen. In 100 parts it consists of twenty-

one of oxygen, and seventy-nine of nitrogen (4, 5).

The oxygen is the agent which is necessary for life.

The nitrogen acts as a means of allaying the activity

of oxygen. It is the oxygen which acts in the animal

body ;
and by means of its chemical action on the

food or the blood is essential to the support of life.

Although the larger number of the lower animals

live in water, it is the air dissolved in the water that

supports their life. If we drive off the air from

water by boiling, and when it is cold put into it water-

animals, they die for want of oxygen. In the lowest

animals, as the animalcules and polyps, the whole

surface of their bodies is exposed to the action of the

oxygen
;
but as we ascend in the scale of being, we

arrive at animals with special organs in which the

blood is aerated, or exposed to the action of oxygen.

Those organs in the lower animals and fishes are called

branchiae or gills. They consist of delicate membranes,
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abundantly supplied with capillaries; and as the blood

passes through them, their very thin walls allow the

air dissolved in the water to make its way into them,

and the blood in them is thus aerated or oxygenated.

The result of this process is that the oxygen is taken

by the blood into the whole of the body, and, meeting

with carbon, which is contained in the food, unites it

with it, and forms carbonic acid gas, which is given off

in the gills at the same time that the oxygen is taken

in. The same process goes on in air-breathing animals.

In these, instead of gills, we have sacs or bags, which

in the higher animals are called lungs. The atmo-

spheric air, being taken into the lungs, is absorbed by

the blood, and carried by it into the tissues, where it

unites with the carbon of used-up parts, and carbonic

acid is formed. This carbonic acid is thrown out of

the blood in the lungs at the same time that the

oxygen is taken in. This process is called respiration.

48. The air of the atmosphere is taken into the

human lungs by means of the mouth and nose. The

nose, however, is the natural passage which leads to

the windpipe; this is an open tube which leads down

into the lungs. When the windpipe or trachea reaches

the lungs, it divides into two great branches, one of

which goes to the right lung, the other to the left.

These branches are called bronchi, hence the word

bronchitis, which is used to signify an inflamed con-

dition of these organs. The bronchi go on dividing

and sub-dividing, till they terminate in little cells,

called pulmonary sacs. On the walls of these sacs

the capillaries, which come from the pulmonary

arteries on the one side of the lungs, and go to the

pulmonary veins on the other, are spread out. It is
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EXPLANATION OF PLATE VII,

Exhibiting the Structure of the Veins, also the Air Passages

of the Lungs. These organs are referred to inparagraphs

44, 48, 49, and 50.

Fig 16 is a diagram illustrating tlie action of the

valves of the veins. 1 is a vein with the valves of the

vein open so as to allow of the blood passing upwards

in the direction of the heart. The arrow indicates the

course of the blood ;
a b and c d represent the valves

;

e f and g h the sides or walls of the veins
;
and i is the

channel through which the blood flows. 2 represents a

vein with the valves closed ;
e p and g g are the walls of

the vein
;
and b m and n m are the valves which are now

seen to be closed. It will be seen tliat tlie current of

blood passing in the direction of the arrow cannot pass

back to the lower or smaller parts of the vein.

Pig. 17. A vein laid open so as to exhibit the valves

of the heart in their natural position, e is the end

nearest the heart
;
v is one of the valves ;

a the aperture

of a vein.

Fig. 18. The lungs and windpipe of man. a is the

larynx at the top of the windpipe
;

b is the windpipe

which is seen to be composed of a seiies of cartilagenous

lings which are bound together by a fibrous membrane ;

c and e represents the lung with the soft tissue and

blood-vessels removed
;

c are the larger air passages or

bronchi
;

e are the smaller bronchi which terminate in

minute sacs which are called the air cells or pulmonary

sacs
;
d represents the left lung in its natural state.

Fig. 19 represents a magnified portion of the lining

membrane of the windpipe. This membrane is covered

with column-like cells which have a nucleus in their

centre and are covered with cilia (^[ 86). It is by means
of these cilia, which are constantly in motion, that the

membrane of the lungs is kept free from the deposit of

substances that would be injurious, a, the columnar

cells ;
b, particles of matter moved by the cilia

;
c, the

cilia. The arrows indicate the direction of the currents.
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in these little sacs that the great work of respiration

is performed. The oxygen of the air penetrates the

walls of the capillaries, and is absorbed by the blood

they contain. At the same time a converse change

takes place with regard to the carbonic acid gas

which is present in the blood. This gas passes out of

the capillary vessels into the air-sacs, and from there

spreads itself into the bronchi, and is then squeezed

out in the air. Every time we draw in a breath or in-

spire

,

we take in a fresh quantity of atmospheric air,

containiug oxygen aud nitrogen. Every time we give

out a breath or expire, we throw oft from our lungs

carbonic acid gas and nitrogen. This last gas pene-

trates the blood but little, and goes in and out of the

lungs without change. The breath is by no means all

carbonic acid gas. It has gained only 8 volumes in 100

of this gas in place of an equal volume of oxygen.

49. The mechanism of respiration is very interest-

ing. The air does not pass into the lungs by virtue

of a strong muscular effort, but it passes into it just as

it does into a bellows. During expiration the lungs

are emptied by compression, and the lungs are filled

again by their distension. The process by which the

lungs are emptied and filled, is principally effected by

the agency of a large muscle, called the diaphragm.

This is attached to the sides of the ribs, and divides

what is called the chest, which contains the lungs and

heart, from the abdomen, which contains the stomach,

liver, bowels, and other organs. During respiration

the fibres of this muscle contract and relax, and it

consequently falls and rises. During inspiration it

falls and makes way for the lungs to expand, and

it is during this falling of the diaphragm that the
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air rushes into the expanding lungs, just as air rushes
into a pair of bellows. Sometimes an interruption
takes place to the regular expansion and contraction
of the diaphragm, and a kind of spasm takes place
which is known by the name of hiccough. When any
irritating substance is applied to the nostrils, an ex-
pulsion of the air from the lungs takes place, and the
act is called sneezing. Yawning is a series of deep
inspirations and expirations. Coughing is produced
by some irritation in the bronchi—thus, an accu-
mulation of the natural secretion of the bronchi, pro-
duces cough. Some of these actions are seen in a
common cold, which commences with sneezing from
irritation of the mucous membrane of the nostrils, and
ends with coughing as the irritation extends to the
bronchi.

50. The air passes to and from the lungs about
fifteen or sixteen times in the minute

j
the rush made

by the passing air in the bronchi can be distinctly

heard by placing the ear on the chest. The sounds
thus heard are called breath sounds, and they are modi-
fied by various diseased conditions of the lun^s.

When the mucus accumulates in the bronchi, the air

passes through the liquid mucus and makes all sorts

of curious noises, which are called rales or rattles.

Thus there is a rale like the snoring of a pig, another
like the cooing of a dove, others like nests of small

birds or like the sound of striking on a cracked mug.
The state of the lungs may also be detected by strik-

ing the chest with the tips of the fingers or a small

hammer. Naturally, the lungs are resonant and sound
hollow like a drum, but in some diseases, such as in-

flammation of the air sacs, or consumption, the lungs
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EXPLANATION OF PLATE VIII,

Showing portions of the structure of the Circulating System,

the Respiratory Organs and Skin, referred to in para-

graphs 43, 51, and 62.

Fig. 20. Magnified representation of the web of a

frog’s foot to°show the capillaries. They are found

between the arteries on tbe one side and tbe veins on

the other. By the aid of a good microscope the blood-

globules may be easily seen making their way in single

file through these minute vessels in a living frog.

Fig. 21 is the human larynx seen from the front
;
a is

the ring cartilage; b, b, the thyroid cartilage; d, the

epiglottis.

Fig. 22. The larynx seen from above, b, b, the inside

of the thyroid cartilage; c, c, pyramidal levers; d, the

epiglottis
;

e e and / / are the boundaries of the vocal

cords or glottis. It is while the air is passing through

the latter that the voice is produced, and all the modu-

lations of voice through the vibration of these cords.

The epiglottis is seen in this diagram. Its function is

to protect the glottis, and it is by this organ moving

down upon the glottis that food and other substances

are prevented from passing into the windpipe.

Fig. 23 exhibits a sweat gland. It passes through the

skin and empties itself on the surface of tbe epidermis.

The network formed by the tubes of the gland are seen

below and the tube is often spiral.
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pound dull, as is tlie case with the liver or other

solid parts of the body.

51. One of the results of expiration is the passing

of the air through a special apparatus, called the

larynx. This organ is composed of five pieces of

cartilage, and is so arranged that the air passing

through it causes two membranes stretched across it,

which are called vocal cords, to vibrate. The aperture

between these cords is called the glottis. The vibration

of these membranes, modified by the tongue, lips, and

nose, produces what is called voice. All the modifica-

tions of sound which give rise to voice and speech

result from the air in the lungs as it passes out ot the

air passages impinging on these vocal cords. These

living vocal cords act in the same way as the reeds of

a clarionet, and all the modifications of sound which

are known as voice, and which result in all the known

expressions of the human voice, are thus produced.

This is really one of the most wonderful parts of the

human mechanism, as by its agency that great dis-

tinguishing feature of human existence, language, is

produced. All the known sounds of the human voice,

which cause the vast variety of languages of the human

race, are owing to modifications of the sounds pro-

duced by the human larynx. It is not, however, the

capacity of this organ to produce sounds, and to give

them expression by modifications of the organs of the

mouth and face, that constitutes the real difference

between lower animals and man, hut it is that man

possesses in his brain (the seat of the mind) a larger

power of controlling the movements of these organs

than any of the lower animals have.

52. One of the great results of taking the oxygen
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of the air into the blood, is the production of animal

heat. It we take a Fahrenheit’s thermometer and

place it on any covered part of the human body, it

will be seen to rise to a temperature of 98°. "Water

freezes at 32°, and boils at 212°. The heat of the

air in Great Britain varies from below 32' in the

winter, up to 80° or 90° in the summer. Whether

exposed to one temperature or another, the heat

of the body is always 9S°, thus showing that its heat

depends on internal sources. This heat is produced

by the contact of the oxygen of the air with the

carbon and hydrogen contained in the tissues and the

blood. The food containing carbon and hydrogen is

brought in contact with the oxygen of the air, and

uniting with the carbon and hydrogen in the blood

and the tissues is converted into carbonic acid and

water. When carbon and hydrogen are burned in

an ordinary gas lamp, in contact with the oxygen

of the atmosphere, heat is produced. Just in the

same manner when the oxygen in the body comes

in contact with the carbon and hydrogen taken into

the system by the food, heat is given out. But not

only do the foods containing carbon and hydrogen

give heat, and also at the same time moving and nerve

force, but the nitrogenous matters (albumens) in the

blood also do this, and cau do it alone without any non-

nitrogenous foods (17, 18, 19). These last, however,

(fat, starch, and sugar) cannot act alone, but seem to

require nitrogenous matters to start them, combining

with the oxygen, just as a percussion cap starts the

gunpowder in a gun. It is this heat which maintains

the life of the body. The temperature of different

animals varies
;

it is 112° iu ducks and geese, and SO0
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in the elephant. The heat of the human body remains

at the same point during health. In fever aud inflam-

mation this heat is increased, and in such diseases as

cholera it is very much decreased.

53. In order that the function of respiration should

he carried on properly, it is of the first importance

that the air which is taken into the lungs, should be

pure. If there is a deficiency of oxygen in the air

breathed by a human being, the changes necessary to

the production of animal heat do not take place,

and a corruption of the blood ensues. The air

breathed by human beings is constantly liable to a

deficiency of oxygen, by its corruption during various

artificial processes of combustion. Thus, in a room

lighted with gas, the gas will consume so large a

quantity of oxygen as to diminish the supply for

persons remaining in the room. One of the great

drawbacks in our present civilisation is the practice

of introducing gas into our sitting-rooms, bed-rooms,

workshops, and factories, without making sufficient

arrangements for the supply of the oxygen gas con-

sumed by the lights. One gas-light of an ordinary

kind consumes during burning as much oxygen as five

human beings, and where no provision is made for a

supply of fresh oxygen, the air is most injurious to

health. In the same way a large number of human
beings, congregated in a small room, will consume the

oxygen and render the air unfit for maintaining

healthy life.

54. Not only do the combustion of gas and

candles, and the respiration of human beings, consume

the oxygen of the air, but they make it impure by
giving off carbonic acid gas. This gas is given off
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from burning lamps, and candles, and breathing human
beings. It is a most destructive gas. If a jar of

carbonic acid is collected from the burning of lights or

fires, or the breathing of animals, no light can be

burned in it, no animal can live in it. When sent

forth from the lungs of animals it is instantly got rid

of in the operation, and a natural ventilation is esta-

blished
;
but when it is confined in rooms, it is breathed

again and again, and the most disastrous effects follow.

When carbonic acid is retained in the blood, it pre-

vents those changes taking place which are necessary

to health
;
and a variety of diseases are the result.

One of the most common and obvious results of

breathing an atmosphere charged with carbonic acid,

is the production of the diseases known as scrofula and

consumption. In those districts of London and other

large towns of Great Britain and Ireland, where is

the greatest overcrowding,there scrofulous diseases and

consumption are most prevalent. Not only are these

diseases prevalent in such places, but persons ex-

posed to the action of carbonic acid are much more

liable to fevers and other diseases, than those who

obtain a due supply of fresh air. Of so much im-

portance is fresh air to the health of man, that

the Government insists that in every family there

should be five hundred cubic feet of air for each

individual. Away from large towus and cities, and

especially at the sea-side, the more active form of

oxygen called ozone is present (4). This accounts for

the invigorating influence of country air and sea-side

air, as compared with the atmosphere of towns and

cities. Ozone is given off from growing plants both

in the land and in the water.
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55. As it is necessary that the air supplied to

i human beings should not he contaminated with

carbonic acid, and contain a sufficient quantity of

oxvgen, so it is of the utmost importance that it

should be free from all contamination. The air we

breathe may contain mechanical particles which, coming

in contact with the delicate membranes of the air

passages of the lungs, may produce disease. Thus, in

certain occupations, the air may be charged with

minute particles of foreign matter which, getting

into the lungs, may produce disease. The stone-cutter

may inhale such particles of stone which, getting into

the lungs, produce cough, and at last accumulate in

so large quantities as to produce disease and death.

The workers in iron in grinding inhale metallic

particles which, sinking into the lungs, produce

“grinder's asthma” and death. In cotton-cloth

manufactories the particles of cloth and wool are

taken into the air passages of the lungs and produce

disease. In all households the particles of cotton and

linen, and wool, getting into the air of rooms, may

be taken into the lungs and cause disease. Con-

stant exposure to the dust of factories, or even roads,

may cause accumulations in the lungs which may he

the sources of disease and death.

56. But the most dangerous contamination of the

air is that which arises from the diffusion in it ot

vegetable and animal poisons. When plants and

animals are dying or dead they give off small

particles of matter which, entering the human lungs,

pass into the blood and produce disease. These par-

ticles though apparently dead, possess the power of

producing in living particles the same decomposing
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condition in which they themselves are. It is thus

that the particles rising into the air from drains and
dead bodies, may produce in the living body the most
fatal and destructive diseases. Many forms of fever are

known to arise from this source alone. Amongst others

may he mentioned drain fever, which carries off from

fifteen to twenty thousand human persons every vear

in Great Britain, and which is certainly dependent on
the putrescent matter of drains being taken into the

human lungs and carried into the blood. The decay-

ing matter of plants, such as their leaves and stems,

in contact with water, gives forth an effluvium, known
by the name of malaria

,
which produces the most

violent and terrible fevers. The intermittent fever

known by the name of ague
,

is thus produced, and

the malarious fevers of sub-tropical and tropical

climates are produced in the same manner. The

great remedy for these diseases is drainage. All

putrefying plants and animals should he got rid of

at once from near the houses of human beings.

It is the first duty of a man who possesses a

house to see that all decomposing animal and

vegetable matter is at once sent away, or placed at

such a distance from the house that no human being

can he injured by its presence. When deposits of

this kind cannot be got rid of, they should he dis-

infected. There are many things commonly sold in

shops for this purpose; amongst them we may

mention chloride of lime, carbolic acid and the per-

manganate of soda and potash.

57. But besides these poisoning particles which are

given off from all dead and dging animal and vegetable

bodies, there are certain special poisons, which are
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given off from living animal bodies which contaminate

the air, and against which too active measures can

hardly be taken. The human body is subject to cer-

tain diseases which, originating in the blood, produce

particles in it which, given off from the body, are

capable of producing the same disease. Such diseases

are known by the name of small-pox, scarlet fever,

measles, hooping cough, typhus and typhoid fevers,

and cholera. When persons are attacked with these

diseases, they are capable of giving off particles into

the air which, when taken up by other bodies, will

produce the same disease. By proper precautions all

these diseases may be prevented from propagating

themselves in other persons. With regard to small-

pox, it is found that if persons are vaccinated, they

are not capable of receiving the disease. Hence

the duty of all parents to see that their children

are early vaccinated, in order to prevent their

taking this terrible disease. It is certainly a false

notion to suppose that vaccine matter by itself can

introduce any other disease than cow-pox into the

system. There do not exist any ready means of

preventing the other ‘ catching diseases,’ but every-

body knows that by proper precaution they may be

prevented, and it is now one of the first duties of

human beings, one to the other, to take care that

by no careless act, the poison of these diseases should

be conveyed from them to their neighbours. It is a

common practice, much to be reprehended, to send

children to school from families where small-pox,

scarlet fever, measles, or hooping cough are prevailing,

thus spreading the poison amongst those who have

not been previously attacked.

4
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58. The air being thus easily contaminated and

rendered injurious to health and even life, it is of the

first importance to securefresh air, free from carbonic

acid gas and all organic and poisonous impurities. In

every house, sitting-room, bed-room, shop, workshop,

school, or public building, provision should be made

for the getting rid of the impure air, and the letting

in of fresh air from without. This is done by what

is called ventilation. There is a natural tendency of

warm air to ascend, and advantage should be taken of

this to have ventilators placed at the top of the room

or building, so that the warm impure air may escape.

In cold weather fires ventilate rooms, by a current of

warm air ascending the chimney, and the cold, fresh

air rushes into the room to supply its place. In warm

weather rooms should never be shut up. When there

is no other means of ventilation, the top sash of the

window should be let down, so as to allow of the

escape of impure air. All houses should be con-

structed with holes and valves, to let the impure

air of the rooms out into the chimneys or into the

open air.

59. Impurity of the air is constantly attended with

the smell of gases which are disagreeable. This arises

from the fact that when animal or vegetable matters

are decomposing, the sulphur, phosphorus, aud carbon

contained in these matters, uniting with the hydrogen,

produce a quantity of strong-smelling gases. These

gases are not in themselves injurious in the small

quantities in which they exist in the air, but they in-

dicate the proximity of danger, and their warning

should never be neglected. Iso air that smells is

pure. These smells are giveu oil from dustbins,
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drains, closets, and cesspools, and wherever they exist

immediate attention should be given to the cleansing

of the places from whence they issue.

60. When diseases prevail in families which are in-

fectious or catching, such as smallpox, scarlet fever,

typhus and typhoid fever, and cholera, care should be

taken to prevent the spread of the poison from the

sick person to those who are well. No persons who

are liable to take these diseases should remain in the

room except those who are nursing. It should be re-

collected that the poisonous particles given off from

the body may be so diluted as to prevent their acting on

other persons, hence the sick-room should be supplied

with as much fresh air as possible. It is found that the

poisons of all the diseases mentioned are destroyed by

the action of boiling water, hence all clothes and bed

linen worn or used by those suffering from these

diseases should be plunged into boiling water. These

poisons are also destroyed by the disinfecting agents,

chloride of lime, carbolic acid, and the permanganates.

When boilingwater cannot immediately be had, clothes

may be submitted to these substances, and all vessels

used in the bed-room cleansed out with them. In

houses where death occurs, no one should be allowed to

Bleep in the room where the dead body is. It would be

a good thing if in all cases of death the relatives could

be persuaded to remove the dead body to a public

mortuary, where it might wait, without danger to the

living, any convenient period for interment This is

especially the case of persons dying from contagious

diseases.
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CHAPTER VI.

ON THE STRUCTURE AND FUNCTIONS OF THE SKIN.

61. The warmth of the human body is constantly

maintained at a temperature of 98° of Fahrenheit’s

thermometer. Whether a man exists in the arctic

regions, or is an inhabitant of the tropics, this is the

temperature of his body. We have seen that the

source of this heat is not external, hut that it is

due to the consumption of combustible materials

within the body itself (52). The carbon, hydrogen,

and nitrogen of the food coming in contact with the

oxygen of the air are the sources of this heat. The

great agent by which the heat of the body is kept at a

given temperature is the skin. In all animals the

various organs are covered over with a skin. This

organ, which is a thin membranous envelope in the

lower animals, becomes more and more complicated as

we rise in the scale of organisation. In the human body

it is composed of two parts, the cutis, or lower skin,

and a layer placed above this, the epidermis, or scarf

skin. When we apply a blister to the skin, a portion

of the epidermis rises, and forms a bladder or vesicle.

This blister, as it is called, consists entirely of the

epidermis, which is separated from the true skin below

by the effusion of a quantity of serum or water. If

we prick the blister the water exudes, and the epi-
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dermis collapses. The epidermis covers the whole of

the body, and can be traced into the mouth and nostrils,

where it is continued in the form of the covering of the

mucous membranes of the internal passages of the

body, and is called epithelium. The epidermis con-

sists of flattened cells
;
between it and the cutis lie

the black-coloured cells, the presence of which pro-

duce the black and coloured races of mankind. The

hair and the nails in human beings, and the beaks

of birds, and the claws and horns of the lower animals,

are all produced from the epidermis, and are called

epidermal appendages.

62. The cutis, or lower skin, is supplied with capil-

lary vessels, and to it is brought the blood of the

whole body by the aid of these minute vessels. At

the same time, the true skin possesses a number of

small glands, which communicate with the capillaries

on the one hand, and terminate in open pores through

the epidermis, on the other. Between the pores and

glands are minute ducts or tubes, which convey

from the glands to the pores a fluid, which is called

perspiration. It is calculated that there are not less

than from two to three millions of these minute tubes

upon the surface of a human body. The perspira-

tion contains saline matters, carbonic acid, and other

products, which are got rid of by the agency of the

skin. The great function of these sweat ducts,

however, is not to act as excretory organs, but to

regulate the heat of the body. It is a well-known

fact that when water is converted into vapour or

steam, it changes or renders latent the heat which is

employed in converting it into vapour. It is by means
of this action that the skin becomes the agent
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of regulating the temperature of the body. Xo sooner

is the heat in the interior of the body raised by the

oxidation of the food in the blood and tissues, than a

certain portion of it is made latent by the conversion

of the water into vapour in the perspiriferous canals.

This process is constantly going on, and the vapour of

the water passes off from the skin in the form of

insensible perspiration. When large quantities of

perspirable matter are thrown off, as during strong

exercise, or in hot weather, the secretion from the

skin condenses, and forms what is called sensible

perspiration.

63. Besides the sweat-glands and tubes, the skin

is the seat of minute sacs or depressions, which

secrete a kind of fatty matter. These are called

sebaceous follicles. The use of these follicles is

to secrete an unctuous matter by which the epi-

dermis is rendered soft, and to assist the decomposing

action of the moisture of the skin on the cells ot

which the epidermis is composed. The practice of

anointing in Oriental countries seems to have had its

origin in imitating the function of these glands. In

many of the lower animals these glands have a large

development, as in some water-animals and most

water-birds. In the human skin these follicles fre-

quently get blocked up, and a little inflammation is

the consequence, and what is called a pimple is pro-

duced. They are very numerous on the face and on

the sides of the nose, and when not acting freely

—

that is, discharging their oily contents freely their

seat may be detected by a little black spot. It the

skin be nipped round this spot a small thread ot

sebaceous matter will be squeezed out resembliug a
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worm
;
and by the ignorant these casts are regarded as

worms. Occasionally, however, these follicles become

thedwelling-place of a minute mite, called the Demodex

folliculorum. This little creature has eight imperfect

legs, is about the tenth of an inch in length, and

belongs to the family of Acaridae or Mites.

64. The practical result of out knowledge of the

structure of the skin, is the necessity of keeping it

clean. The perspiriferous ducts and the sebaceous

follicles may both be so blocked up or covered over

with dirt, as to prevent them from carrying on their

functions. When this is the case, either the skin

itself becomes diseased, and a variety of eruptions

take place on its surface, or the blood is not properly

relieved of its used-up products, and internal disease

takes place. There is a close relation between the

functions of the skin, the lungs, and the kidneys.

They all of them carry off water from the blood, and

when the function of one of the three in this respect

is interfered with, the other is called upon to perform

its functions. When the function of perspiration is

interfered with, the lungs and kidneys are called upon

to perform heavier duty, and this may lead to disease.

In order then that the skin may perform its duties

properly, it must, in the first place, be subjected to

the action of water, and undergo the process of wash-

ing and bathing
;
and in the second place, it must be

protected from the heat of tropical climates and of

our summer, and the cold of arctic climates, and

our winter by clothing.

65. The practice of washing the skin from head to

foot every day, either by taking a plunge bath, a

shower bath, or by a sponge or cloth dipped in cold
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water, is much to be commended. Soft water is

better adapted to this purpose than hard (26). In

the summer in this climate, not only is the practice

of bathing cleanly, but the application of the cold

water to the skin produces a reaction, attended with

warmth, which is very beneficial to health. In washing

the skin it is desirable to add soap to the water at

least once a day. Soap cleanses by dissolving the

oily matter thrown out on the skin from the sebaceous

follicles (64). It is this oily matter which attracts

fin e particles of dirt or dust in the atmosphere, and

forms on the outside of the skin a layer of dirt. The

best soap for use in washing the skin is curd or

palm oil soap. Many soaps contain too much

alkali.

66. In order that the skin may be kept in health,

and its functions duly performed in relation to the

heat of the body, it must be properly clothed. Man
is the only animal that wears clothes, and they are

necessary, for his health and civilisation. It is

essential to health that the body be maintained at a

temperature of 9S°. In hot countries, where man is

unclothed, this is effected with comparatively small

quantities of heat-giving food
;
but in cold countries,

if man wears but a small quantity of clothing, heat

can only be maintained by taking large quantities of

food, and consuming this by constant exercise. Hence

man, when but little clothed in temperate and cold

climates, is a savage, who seeks in hunting to obtain

large quantities of food, and by constant bodily

activity to burn it in contact with the oxygen of the

air. As man becomes civilised, and settles down in

towns and villages, he finds it necessary to cover his
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body, in order to prevent the radiation of beat from it.

One of tbe great objects of clothing is to prevent the

passing off from the skin of tbe beat ot tbe body.

Iii this way clothes act as economizers of food. Ac-

cording as tbe human frame is exposed to tbe cold of

temperate and arctic regions, is tbe tendency to con-

sume heat-giving food. Thus we have seen (20)

that fat is one of tbe most efficient forms of food in

keeping up the heat ot the body. As we pass from

tropical to arctic regions, we find man consuming

larger quantities of fat in his food. The Russian adds

oil to his meat pie to supply the means of maintaining

his animal heat. The Greenlander and the Esquimaux

eat the blubber of fish and other animals to keep up

sufficient heat to resist the cold of their arctic climate.

Even in Europe a change of diet is observable, accord-

ing as the weather is hot or cold, and fatty foods

are consumed with more avidity in winter than in

summer. This is seen in animals. In temperate cli-

mates, all the mammalia get fat in the summer months,

when little heat-giving food is required, whilst towards

the end of winter they become lean, as the result ol

their fat having been consumed in maintaining their

animal heat. Hybernating animals enter on their

winter’s sleep plump and fat, and wake up in the

spring lean and emaciated, from the loss of fat used

in maintaining their heat. Although there is this

tendency to the accumulation of fat in the summer,

and the loss of it in winter, even among sheep, dogs,

and the like, a natural provision is made for their pro-

tection against cold. All animals clothed with hair

in temperate climates have an increased, quantity

during the winter months, which is shed in the sum-
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mer, and the animals of arctic climates are covered

naturally with large quantities of hair.

67. The disastrous effect of cold on the systemJ

is seen in what occurs in the populations of our large

towns, at the setting in of the cold season of the

year. As long as the temperature remains some

degrees above the freezing point, but little increase of

death above the average mortality of the summer

takes place, but directly the temperature gets below

32° (that of freezing water), old people and infants

die off with diseases of the lungs, and the strongest

suffer, more or less. This arises from the lowering of

the temperature of the skin, by the action of the

cold. The consequence is that the circulation of

the blood is diminished in the capillaries of the

skin, and the blood is sent to the internal

organs, where, the vessels getting too full, con-

gestions and inflammations occur. The organs

which suffer most from this congestion are the

lungs, but the heart, the brain, the liver, and kidneys

may all become deranged, under the influence of cold.

Short of serious disease, many inconveniences arise

from exposure to cold
;
thus chilblains occur on the

toes and fingers, and a variety of affections of the

skin, such as inflamed patches, blotches, and even

ulcers, which are very painful to bear.

68. One great object of clothing is to maintain such

a temperature of the skin as shall prevent the evil

results of which we have spoken. All people do not

require to be protected from the cold alike. Infants

are very liable to become injured by exposure,

and unless they are kept from the external cold, fall

under the influence of various diseases and die.
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Persons leading a sedentary life, especially persons

pursuing inactive occupations in the open air, re-

quire to be more warmly clothed than those wbo are

taking active exercise. Everybody knows that when

a man is going to run a race, or do hard work, he pulls

off his coat, and as a rule it may be stated, that per-

sons who take active exercise, whether indoors or out-

doors, need less clothing than those who pursue

sedentary occupations. The materials used by man

for clothing are derived from both plants and animals.

The physical qualities possessed by the substances

used for clothing determine very much their use and

advantage. The most common materials of this kind

derived from the vegetable kingdom, are the fibres of

linen and the hairs of cotton. The fibres of the flax

plant were amongst the earliest used by mankind for

the purposes of clothing. The fibres are prepared

and woven into fabrics, which are made into clothes.

In the same way the hairs of the cotton are woven

and made into clothing, under the names of cotton,

muslin, aud calico. Many other plants yield fibres,

such as hemp and jute, which are occasionally used

for making articles of dress.

69. The materials used for dress, which are derived

from the animal kingdom, are more varied than those

from plants. The hair and the skin of animals princi-

pally supply the materials. Man first clothed himself

with the skins of animals
;
and the Britons, at the time

of the Roman conquest, knew nothing of the luxury of

linen clothing. The most common form of clothing

derived from animals is the wool, which is yielded by

the sheep. The hairs of which wool is composed

are submitted to various preparatory processes, and are
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at last woven and made into cloth. The hairs of many
other animals are used in the same way, and recently,

especially in the British Islands, the hair of the alpaca-

goat. The skins of animals are prepared and converted

into leather, which, on account of its being waterproof

is an admirable material for clothing the feet. The

skins of animals are also prepared with their hair, con-

stituting what are are called furs, which are used

very extensively as articles of dress throughout the

world. Another animal product used extensively for

dress, is silk, which consists of the delicate fibres of

the cocoon of a small moth. There are many other

things derived from the vegetable and animal kingdom

which enter into the composition of dress, but these

are used for purposes of ornament, or convenience,

rather than for keeping off the cold.

70. The reason why clothes keep the body warm
depends principally upon the power they possess of

resisting the conduction of heat. Some bodies con-

duct heat very rapidly, such as metals, which on that

account feel cold when they are touched. On the

other hand, substances containing air, such as wood,

are bad conductors, and when they are touched

do not feel cold. As a rule, those substances

which contain most air in their interstices are those

which conduct heat least, and are best fitted for being

used as the materials of clothing. The fibres and

hairs of plants, and the hairs of animals, are all sub-

stances containing air, and consequently bad con-

ductors of heat. It is on this account that they are

used for clothing. When placed upon the body they

prevent the radiation of heat from it, and thus keep

it warm. In the same way these materials are
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used for the covering of beds. Blankets and sheets

are as necessary for keeping the body warm at night,

as clothes are by day.

71. In providing dress, however, it is important to

know that some of the materials mentioned possess

less conducting power in relation to heat than

others, and that some materials are warmer than

others. As a rule, all clothing derived from animals con-

duct heat more slowly than that derived from plants.

All woollen clothing, consisting of cloth and worsted,

of which so large a portion of the dress of the in-

habitants of temperate climates is formed, is warmer

than the various kinds of linen and cotton fabrics.

Man clothes himself with furs in the colder regions

of the world
;
and the habit of wearing flannel shirts

and woollen dresses amongst Europeans arises from

these materials not allowing the rapid conduction of

heat from the body. On the other hand, in tropical

and subtropical climates, where there is no necessity

for protecting the body from a cold external tempera-

ture, the more rapidly heat-conducting tissues of plants

are preferred. In fact, when man is exposed to the

excessive heat of tropical climates, the necessity is

Dot so much for clothing to keep in the heat of the

lody as to protect him from the direct rays of the

sun.

72. Although not of the same importance as the

property of conducting heat, colour is of some conse-

quence in relation to clothing. When exposed to the

action of heat, dark and rough substances absorb its

raysbesc and rrjlect them least, whilst white and bright

substances reflect heat best, and absorb it least.

Thus, if we are anxious to avoid the sun’s rays from
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being absorbed by our dress, we should put on white

material. The tendency to do this is seen in the prac-

tice of wearing white and light-coloured clothes in
|

the summer, and in hot climates. It is not, however,

on this account better to put on black and dark
I

clothes in winter, for black and dark substances,

whilst they absorb heat best, also radiate or give it off
|

quickest, so that it is really better to wear light-

coloured clothes both in summer and winter. There
|

is no doubt that white clothing retains the heat

of the body better than dark clothing. The true

reason why the civilised inhabitants of Europe and !

America dress in dark-coloured clothes both in sum-

mer and winter, is economy. It is a question of

soap and washing, and not of the comfort or use of

the dress.

73. When the materials of dress have been chosen

so as to secure the proper regulation of the heat of the

body, care should be taken in wearing the clothes

made from them, that they do not interfere with

health. Beginning with the head then, although

nature has supplied an ample covering in the hair to

protect it from changes of temperature, man has chosen i

to protect and adorn his head with some kind of head- I

dress. The material of this article of clothing is not

important as long as it possesses two qualities, that is,

lightness and freedom from pressure. The Roman

soldier wore a helmet to protect his head from

the blows of his assailants, and the armies of

Europe wear head-pieces of various kinds, having this

object. Unfortunately the civilian has imitated the

soldier, and often wears a hat which is at once un-

sightly and oppressive. A hat or a cap, serving all the
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purposes for which the head needs to be covered,

ought uot to weigh more than five or six ounces. This

hat or cap should fit loosely, so as not to press upon

the veins of the head and obstruct the circulation of

the blood. It is said that baldness is one of the

results of wearing heavy and tight-fitting hats. The
general practice of females in Europe of wearing light

head-dresses, which are tied on under the chin, is open

to little or no objection. The tendency, however, to

load the head with heavy combs, and other ornaments,

and to pad the natural hair, is likely to be injurious

in various ways.

74. The dressing the neck is of more importance

than the head. The great blood-vessels, bringing the

blood from the head, are situated there, and pressure

upon them may cost persons their lives. Women
seldom dress the neck in such a way as to interfere with

health
;
but the practice by men of wearing neckties

and collars, constantly exposes them to the danger of

compressing the blood-vessels of the neck. These
articles of dress are really of no use, and, if regarded
as ornamental, care should be taken that they are put
on loosely. This rule should be also followed with re-

gard to dress worn over the body. In this respect

men are less likely to err than women. Eor many
centuries, now in Europe, the attire of women has in-

volved the wearing of what is called a corsette or stay.

There is no article of dress that the folly of mankind
has invented and perpetuated that has so little to be
said in its favour as this, and yet its use is, perhaps,
as extensive now as at any previous period. This
garment, by its pressure on the external muscles of
respiration, reduces their power by contracting the
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chest, it prevents the proper expansion of the ribs

during the passage of the air into the lungs, and gives

a stiffness to the movements of the upper part of the

trunk, which prevents a proper action of the whole

body. The effect of this article of dress is to distort

the form, and to render it, as far as possible, the oppo-

site of that most perfect representation of human

beauty, the ancient statue of Yenus.

75. In the dressing of the body, care should be

taken that every part is properly covered. Amongst

women the practice of exposing the neck and
|

shoulders, especially when the weather is cold, is to

he condemned. YV ith regard to infants, the cunom i

of putting them into short clothes, so as to allow them

to walk with more freedom, and not clothing them -

beneath is a fruitful source of disease and death. .

The wearing of crinoline to distend the dresses of I

women leads to overloading the lower parts of the

dress, and produces a strain upon the muscles of the

hack to support it. Not only is this practice

dangerous to health, but the undue extension of the
j

dress frequently brings it in contact with fire, and :

burns and death ensue. Upwards of three thousand

persons annually lose their lives by burning in I

England and Wales. Half of these are women and

children, who are burned to death by the inflam-

mable nature of the linen and cotton clothes they
|

wear. Both linen and cottou may be made uninflam- i

mable by being dipped in solutions of alum, tung-
|

state of soda, sulphate of ammonia, aud other pre-

parations. If, after washing, all linen and cotton

clothes were immersed iu solutions of these salts, it

would not only diminish the number burned to death,
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but would prevent the much greater number of acci-

dents from burning, in which women and children

suffer agonies for weeks, but eventually recover.

76. The clothing of the extremities is of equal im-

portance with that of other parts of the body. The

practice of wearing short sleeves is open to objection

where persons are pursuing sedentary occupations.

The legs in children and grown persons should be

clothed with stockings, and care should be taken to

fasten them without pressing upon the veins which

carry the blood from the feet and legs to the heart.

Swellings of the feet, chilblains, and varicose veins are

the results of fastenings tightly bound round the legs.

The clothing of the foot ought to be attended to. Al-

though children may be accustomed to grow up with-

out shoes or stockings, there can be no doubt of their

advantage, and the poorest of people, directly their

means will permit, have recourse to them. The great

object of the shoe is to protect the sole of the foot.

At first men wore sandals, and eventually, instead of

straps, the upper leathers of the boot and shoe were

adopted. In wearing boots and shoes, it is the

upper leathers which are the source of pain and

danger. Boots and shoes should be made to fit the

foot, and be neither so large as to cause slouching, or

so small as anywhere to pinch the skin. Where the

foot is too loose in the shoe chafing and ulcers may

occur, and where it is too tight corns will grow, and

in both cases the movements of the body are inter-

fered with. The practice of attaching a heel-piece to

the boot is very objectionable, as it elevates the heel,

and gives the body a tendency to stoop, and taxes

the toes by throwing more of the weight of the body

5
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on them than is natural. The gait of a person with

a high heel-piece is more like that of the gorilla or

ourang-outang than that of the human being. These

animals walk on their toes, and never bring their

heels to the ground.
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CHAPTEE VII.

ON THE MOVEMENTS OE THE HUMAN BODY.

77. The ultimate destination of the food, after it

has been converted into blood and carried into the

capillaries, is to nourish the various tissues of the

body. Each organ of the body is composed of cer-

tain tissues or textures, which have different names,

and assume different appearances. The solid basis on

which all the soft organs of the body rest is the

skeleton. In the human body the skeleton is com-

posed of a number of separate bones, each of which

has a distinct name. In the animal kingdom there

are two distinct forms of skeleton
;
the one which is

found chiefly in the lower animals is outside, and covers

the soft parts, and is called an exo-skeleton. Examples
of this kind of skeleton are seen in crabs, lobsters,

insects, and the shells of mollusca, as oysters, mussels,

and whelks. The shells of these animals are mostly

composed of carbonate of lime. Eisbes possess an in-

ternal skeleton, and all the classes of animals above

them, as reptiles, birds, and mammals, possess internal

or endo-skeletons. These skeletons are all character-

ised by a series of central bones, which are called

vertebra?. Hence, all the higher animals are called

vertebrata, whilst the lower ones, which do not possess

these bones, are called invertebrata. The bones of the

higher animals are either cartilaginous or osseous.
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The former kinds of hones are seen in such fishes as

the shark and sturgeon, but most of the higher ani-

mals possess osseous skeletons. Amongst the highest !

animals, some portions of the skeleton remain carti-

laginous, as is seen in the ends of the ribs, the covering
j

of the ends of the bones in joints, and other parts of
|

the human skeleton. When a very thin slice of the

human bone is examined under the microscope, it is
,

found to consist of fibrous, hard material, in which are i

a series of radiating bodies—black spots with lines
;

running in all directions—looking like minute insects,
j

These are really little cavities, and are called “bone
[

lacunae they are the active agents in the growth of i

the bone, and maintain the bones in their integrity. 1

These cavities radiate around certain centres or tubes,
J

which are called the Haversian canals, and which serve

as passages for the minute blood-vessels and capillaries

which nourish and cause the bone to live. The carti-

lages present much simpler cells than those of bone,

and between them are deposited much larger quan-

tities of inter-cellular matter than in bone. The carti-

lages also possess fewer blood-vessels than the bones.

The teeth resemble bone in their ultimate structure,
j

On the outside of all teeth is the enamel
,
which con-

tains very little animal matter, and a great deal of
j

mineral matter. The outsides of the fangs of the teeth

are covered with bony matter, whilst the mass of the

tooth is made of a substance called dentine, which!

stands between the bony matter and enamel in the

quality of hardness, and is full of very little tubes, ;

which meet in the middle of the pulp. It is this sub- „

stance which is so largely developed in the tusks ofthe

elephant, and produces ivory.
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EXPLANATION OF PLATE IX,

Exhibiting the General Structure of the Human Skeleton,

paragraph 78.

Eig. 24 exhibits the human skeleton. This constitutes

the framework of the whole body. It will be observed

that it is so constructed as to protect the more important

organs of the body and to subserve the purposes of

locomotion. The skull protects the brain, and the orbits

in part protect the eyes, whilst the tongue, the nose

and the ear, are provided with accommodation in the

same part of the skeleton. The thorax or chest, with

the backbone behind, the breastbone in front, and the

ribs all round, protect the lungs and heart and the great

blood-vessels. The backbone protects the spinal cord,

and the pelvis other important organs.

A comparison of the head with that of other animals
shows its large size and its adaptability from being
supported on the spinal column to an upright position.

The human skeleton has two hands and two feet, and is

not four-handed, as in the highest monkeys.

The large size of the heel-bone enables man to assume
and progress in the upright position. These and other
points may be easily apprehended by a study of the
human skeleton, of which the plate is an illustration.
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78. The human skeleton is divided into three prin-

cipal parts—the head, the trunk, and the extremities.

The head comprises £he bones of the skull and face.

The skull is composed of several bones united together

by means of toothed sutures, forming a cavity in which

is contained the brain. In the bones of the face are

the sockets for the eyes, and the passages for the

nostrils, and the lower jaw is attached to it by joints,

so as to allow of the opening and shutting of the

mouth. At the bottom of the skull is a great hole

called theforamen magnum
,
through which the brain

is continued under the name of spinal cord, and which

runs down the whole back through holes in the verte-

bra}. The base of the skull also presents smaller

holes, through which blood-vessels run to and from

the brain, aud nerves pass from the brain. The skull

rests upon the back-bone, and the two upper verte-

bra} arg modified to enable the head to move freely

without any interference with the functions of the

nervous cord which passes through it. The trunk

consists of the backbone and an upper and lower

cavity. The upper cavity, called the thorax or chest,

is bounded by the backbone behind, the breastbone in

front, and the ribs on each side. The principal organs

contained in the chest are the lungs and heart. The

lower cavity of the trunk is terminated below by the

bones of the pelvis. The bones of the extremities

are those of the arms and legs. The long bone of

arm is attached to the back of the chest by the blade-

bone, which is also connected with the trunk by means

of the collar-bone in front. The pelvis rests upon the

two thighbones
,
which are connected at the knee-joint

with the bones of the leg. The bones of the hands
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and the feet are very characteristic of the structure
of man. The animals nearest man—the Quadrumana,
or monkeys—have practically four hands

;
but man is

distinguished by having two hands and two feet. The
arrangement by which man rests on his foot frees bis

hands for all the delicate purposes of touch and
manipulation which makes him the most skilful of all

animals. The distinguishing feature of the foot of
man is the large lieelbone, which enables him to bring
the whole weight of his body directly over his two feet
in an erect position. The lieelbone

(calcaneum) is very
small in the highest monkeys. Their hind legs are, in
fact, terminated by grasping organs, like hands, and
they cannot stand in an erect position.

79. The muscles are attached to the bones of the
skeleton. It is by means of their action that the
bones are moved, and that all the actions of the
human body are secured. When the muscle of any
animal is carefully examined, it is found to consist of
bundles of delicate fibres, which are bound together
by a covering of connective or cellular tissue. Each
bundle contains several fibres. Each one of these

fibres contains a number of smaller and exceedingly

minute fibres, called fibrillae. These are composed of
a number of square bits, attached end to end

;
and as

these ends lie in a line when the fibrils are not torn

separately, they give a striped appearance to the

fibres which compose the muscles attached to the

bones. These striped muscles are called voluntary
,

because they are supplied with nerves, over which
the mind or will has control. There is another

set of muscles which are connected with the soft

organs, such as the gullet, stomach, and bowels,
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and which are not under the control of the will.

These muscles are called involuntary
,
and are com-

posed of fibres which have no stripes. Such mus-

cular tissue is called unstriped, and is characteristic

of the involuntary muscles. The heart alone, amongst

involuntary muscular structures, possesses striped

fibres. The stripes in this case are much less decided

than in the case of the true voluntary muscles.

80. The muscles are the organs by which all the

movements of the body are effected. They are at-

tached to the bones by means of tendons, which are

strongly fastened to the bones. The tendons of one

end of a muscle are attached to one bone, whilst

the tendons of the other end of a muscle are attached

to another bone. The great distinguishing property

of muscular tissue is, that it possesses the power of

contraction. When a muscle contracts, it is short-

ened, and by this shortening, the bones to which it is

attached are moved. Every bone in the body is

thus moved by the agency of the muscles, and the

points at which the bones meet and move on one

another are A. joints. Each joint is composed of

two bones, the ends of which are covered with carti-

lage, and the whole is enclosed and covered with a

tissue called a synovial membrane. This membrane

secretes a lubricating fluid called synovia. The syno-

vial membrane is covered with ligaments, which bind

the bones together. These ligaments are composed

of a strong fibrous tissue, of the same nature as that

of the tendons which terminate the muscles.

81. The muscles act upon the bones, and produce

movements in them in the same way that levers act

in moving machinery. There are two kinds or
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orders of lever. The first is, where a weight to be
moved is at one end of a rod, and the j>ower which
moves it is at the other end, whilst the point in which
the rod rests, which is called the lever, is in the mid-

dle. A familiar instance of such a lever is a pump-
handle. The power by which it is moved is the hand
at one end, the weight to be moved is the water at

the other end, whilst the pump itself is the lever. A
still simpler example of this order is seen in the com-

mon balance, where the support is in the middle, and
the two weights act as “power” to each other.

An illustration of this form of lever is to be

seen in the human body in the movements of the

head. In all these movements the back or the front

part of the head is the weight to be moved, the back-

bone is the lever on which the head rests, and the

muscles attached to the back or the front of the

trunk are the powers by which the head is moved in

all the tossing and bowing movements which are so

indicative of human character. In the second order

of the lever, the three parts are differently disposed.

The point of support, or fulcrum, is not between the

weight and power, but beyond them. In this, as in the

first order, there are two varieties—one in which the

power is further from the fulcrum, the other in which

the weight is so. Whichever is the further from the

fulcrum has the greatest advantage. The first variety

of the second order of lever is very common in

machinery
;
but we see it in its simplest form when a

man uses a hand-spike to move a weight. He places it

under the weight to be moved, so that its end rests on

the ground on some solid point, and then, by pulling

up at the other end, the weight is moved. If we
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EXPLANATION OF PLATE X,

Showing the Action of the Muscles of the Body as Levers,

and described in paragrayli 81.

Pig. 25 represents a common balance, and is an illus-

tration of a lever of the first order, c is the pivot or

fulcrum
;
w is the weight to be lifted

;
k is the power

which is to lift the weight
;
a and b represent the ends

of d, the rod. All the movements of the head are effected

by such an arrangement of the muscles. Tie backbone
represents the pivot or fulcrum, and the muscles repre-

sent the power which moves the head backward or

forward, the head being the weight moved one way or

the other.

Pig. 26 represents a lever of the second order, in which
w, the weight to be moved, is in the middle, whilst the

fulcrum is at the end, c, and the power that moves it at k.

The foot represents such a lever, where the weight rests

on the middle of the foot, and the toes rest on the ful-

crum, and the power that moves is the muscle attached

to the heel.

Pig. 27 represents a lever of the third order, in which
the fulcrum is at one end, f, and the power that moves
is in the middle, p, whilst the weight to be moved is at

the other end. This form of lever is presented in all

the long bones of the body.

Fig. 28 represents the upper and fore-arm of the
human body, a is the joint which acts as the pivot,

whilst b is the point where the muscle is attached, which
acts as the power, and the hand, with the ball w in it, is

the weight to be moved.
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think of tbe human foot, we shall see that it is a

lever of this kind. The toes are the end of a lever,

the fulcrum of which is the ground
;
on the foot the

whole of the body rests as a weight, and the power acts

at the heel-bone, which is attached to the great

gastrocnemius muscle forming the calf of the leg,

which, by its contracting, becomes the power which

moves the whole weight of the body. The other

form of the second order of lever—that in which the

weight is furthest from the fulcrum—is common in

animals, since it gives quickness to movement. A
familiar illustration of this is when a man lifts a

ladder, by allowing one end to rest on the ground,

whilst he grasps one of the lower ledges, and the rest

of the ladder forms the weight which he lifts from

the ground in rearing it upright. In this instance

the power acts at a great disadvantage; but what is

lost by the power is gained by the amount of move-

ment which can be effected by the other end of the

lever. In the human body this kind of lever is seen

in action in the arm when the hand and forearm

are raised by a muscle attached to the forearm near

the elbow-joint. The forearm and hand are the weight

moved, the elbow-joint is the fulcrum, and the biceps

muscle, the great muscle of the upper arm, is the

power which moves the hand and forearm. The ex-

tremities of animals are all moved on this principle,

and afford abundant illustration of the mechanical

principles in accordance with which tho movements of

the body are carried on.

82. In order that the various muscles of the body

may be kept in health, they require to be moved.

Hence exercise should be taken, which will put all the
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muscles in motion. In the occupations of man. some-
times one set of muscles, and sometimes another, are

engaged. When persons are employed in sedentary

occupations, only a few muscles are employed, and
such persons require general exercise, for the purpose

of securing the action of those muscles which

are otherwise not exercised. At the time that

children are at school, care should be taken that

during the hours they are out of school, regular exer-

cise should be taken. Various games and amusements
are recommended for this purpose. Walking a long

distance in the open air is a good exercise, as it

especially excites the muscles of the legs, and employs

the respiratory muscles. The arms, however, are not

sufficiently employed in this exercise. Running is

also to be commended, on account of its exercising a

larger number of muscles. Care should, however, be

taken not to push running to excess, as it taxes the

heart, and in excess may lay the foundations of dis-

ease of that organ. The various exercises of dancing,

jumping, skipping
,
and the playing at games such as

foot-ball and cricket, are all to be recommended as

exercising a large number of muscles. Rowing in a

boat is especially to be recommended, as it actively

exercises regularly the muscles of the arms and chest

and passively those of the legs and the lower parts

of the body. Swimming, above all exercises, engages

the muscles of the whole of the body
;

it can only be

adopted in the open air in this country in the summer

mouths, but in the winter it may be practised in

warm water, which is supplied in many of the

swimming baths of our large towns. Riding on

horseback, though not attainable by all, is un-
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doubtedly a most advantageous exercise, and to be

commended where facilities are possessed for its in-

dulgence. The great rule for the guidance of all

persons, with regard to exercise, is to recollect that

in order to secure the health of the body, every set

of muscles should be exercised to a greater or less

extent every day.

83. Where the ordinary forms of exercise cannot

be procured, much is to be said in favour of a well-

regulated system of exercises, which are often called

gymnastics. The subject of the various movements

of the muscles of the body have been a study by

many writers, and they have recommended for children,

in schools, a distinct set of exercises, advancing from

the simplest movements of the arms and legs, to

complicated actions embracing more or less all parts

of the body. Occasionally these movements are per-

formed by the aid ol music, so that time is kept, and

the same pleasurable feeling is produced which ac-

companies dancing. The only instruments used in

these movements are dumb-bells or sticks. In other

systems of gymnastics, instruments of various kinds

are used, and both in girls’ and boys’ schools, a portion

of ground called the gymnasium is frequently set

aside for the purpose of carrying on these exercises.

These are sometimes accompanied by the drill exercise

of soldiers, and superintended by a military man. It

is very desirable that a gymnasium, with complicated

apparatus, should be superintended by a person who

can estimate the strength of the pupils, so as not to

allow them to perform feats of strength beyond their

powers, or to attempt exercises which are harmless

enough to the instructed, but dangerous to those who
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do not know how to perform them. In all gymnastic

exercises, competition in feats of strength should be

avoided. Boat-racing is only to be condemned on
the ground that the strength is taxed beyond the

powers of the system, and exhaustion, with sometimes

permanent injury, has been known to follow severe

competition.

84. The employment of the muscles in exercise

not only benefits their especial structure, but it acts

on the whole system. When the muscles are put in

action, the capillary blood-vessels with which they are

supplied become more rapidly charged with blood, and

active changes take place, not only in the muscles, but

in all other surrounding tissues. The heart is thus

required to supply more blood, and accordingly beats

more rapidly in order to supply the demand. A larger

quantity of blood is sent through the lungs, and

larger supplies of oxygen are taken in and carried to

the various tissues of the body. The oxygen, by com-

bining with the carbon of the blood and the tissues,

engenders a larger quantity of heat, which produces

an action on the skin, in order that the superfluous

heat thus engendered may be got rid of (62). By this

means the skin is exercised, as it were, aud the sudo-

riparous and sebaceous glands are made to act and are

kept in health. It is thus that by the exercise of the

muscles, the lungs and skin are brought into action,

and the lungs throw oft’ large quantities of carbonic

acid, aud the skin large quantities of water, contain-

ing in solution matters which, if retained, would

produce disease in the body. Not only are these

organs benefited by the increased circulation of the

blood, produced by exercise, but wherever the blood is
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sent, changes of a healthful character occur. The brain

and the rest of the nervous system are invigorated,

the stomach has its powers of digestion improved,

and the liver, pancreas, and other organs perform their

functions with more vigour. By want of exercise, the

constituents of the food which pass into the blood, are

not oxidised, and products which produce disease are

thus engendered. The introduction of fresh supplies

of oxygen induced by exercise, oxidises these products

and renders them injurious
;
all other things being the

same, it may be laid down as a rule that those who

take the most exercise in the open air, will live the

longest
;
at the same time, it should be recollected

that the action of the muscles has limits, as well as

that of every other organ of the body. The muscles

aud the heart may be taxed too severely, and permanent

derangements may be produced by overtaxing the

human body. The ancient gymnasts among the

Greeks are said to have become prematurely old, and

the clowns and athletes of our own days suffer

from the severe strain they put upon their muscular

systems. It is even thought by some that boat-

racing permanently injures those who engage in it

;

but these are examples of abuse. Persons should

neither walk, run, leap, or play at any game, to

the extent of producing permanent or painful ex-

haustion. All exercise is attended with pleasurable

feelings, and when pain is produced by proper exer-

cise, those who suffer should rather seek medical

advice than persevere in exercise.
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CHAPTER VIII.

ON THE BRAIN AND NERTES.

85. One of the distinguishing features between

plants and animals is the possession by the latter of a

nervous system. Not that all animals possess nerves,

but it is through these organs that the great variety

and multitude of the actions of higher animals are per-

formed. The great feature of a nerve is that it acts

under the influence of anything irritating it, which is

called a stimulus. Some plants possess the power of

moving, as is seen amongst the more minute forms,

only detected by the aid of the microscope
;
whilst the

moving of the leaves of the sensitive plant, the turning

of sunflowers, and the closing of other flowers at night

are familiar instances ofhigher plants having the power

of motion. These movements, however, do not de-

pend on the plant possessing either a nervous or a

muscular system, but on their possessing a liviug

matter which combines the two properties of sensi-

bility to a stimulus and motion
,
properties which are

found respectively in the nerves and muscles of the

higher animals. Many of the lower animals possess no

visible nervous system, and are influenced by external

stimuli in the same way as plants.

SG. Many of the minute plants which move in

water are endowed with organs called cilia. They

are always found on the surface of the motile
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EXPLANATION OF PLATE XI,

Exhibiting the Minute Structure of Muscles and Nerves,

which is described in paragraphs 79, 87 and 88.

Fig. 29 is a representation of tiie muscles as they

appear under the microscope, a is a bundle of muscular
fibres

;
b represents single fibres

;
and c represents these

fibres separately, with fibrillse. The fibrillse are com-
posed of a series of cells, which, laid one upon another
and side by side, give the striped appearance to the

voluntary muscular tissues.

Pig. 30 represents a muscular fibre contracting.

Fig. 31. A represents the muscular fibre in a state

of quiescence; B is the same fibre in a state of contraction.

B is broader, but shorter, than A. This shortening
shows the nature of the force by which the muscles on
contraction become the means of moving the bones to

which they are attached.

Fig. 32 represents nerve-tubes. A, B, C, E are the
sheaths of the tubes

;
a, b, c, d, e,f, g, h, i, 1c, represent

separate nerve-tubes. At E is seen how they cross
from one side to the other of a nerve, and explain how
nervous energy passes from side to side of the nervous
system.

Fig. 33 represents a ganglion. In the centre of
ganglion will be seen the nerve-cells, whilst passing
through the ganglion will be seen nerve-tubes which
convey sensations and volitions through the ganglion.
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plant, which usually consists of a single vesicle

or cell. Sometimes there is only one of these little

organs, or one at each end of the cell
;
at other times

the whole cell is covered with them. They are

brought into action by the agency of heat and light, and

are constantly moving, and it is by the lashing of these

minute hair-like bodies that the plant moves. Cilia are

almost universally present in the animal kingdom.

They are found on the surface of the minute one-celled

animals called Infusorial animalcules and some worms,

and they are present in the interior organs of all higher

animals. They are especially seen in the respiratory

organs, and may be conveniently examined on the

gills of an oyster or mussel. They are found in the

mucous membrane of the human nose and windpipe,

in the hollow parts of the brain, and other parts of

the body. In those parts their function is to act

upon the mucus secreted by the membrane, and to

sweep it, as it were, in the direction in which it ought

to pass from the organs on which they are placed. In

these cases four or five of these minute cilia are placed

upon a single cell. In man they are not more than

from the to the -j-^gth of an inch in length.

Yet on these mioute agents the life of the animal

kingdom may be said to depend. Though influenced

by external stimuli, their movements are quite in-

dependent of the nervous system, and they will con-

tinue to move for hours after they have been removed

from the body.

87. The nervous matter is composed of two things,

viz., minute cells and delicate tubes
,
which can only be

seen by the aid of the microscope. The cells are of

various shapes, generally containing a minute spot or
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nucleus in the centre. The nerve-tubes are very

fine and delicate cylinders, with a second cylinder

in their interior, around which is contained a fluid

peculiar to these organs. The nerve-cells or cor-

puscles are minute bodies with a kernel and long

branching processes, which unite either with each

other, or with nerve-tubes. The nerve-cells or cor-

puscles are found in the ganglions, or swellings of

the nerves, whilst the tubes are found in the nerves

themselves. A number of these delicate tubes are

bound together by means of a membranous sheath

composed of connective tissue. The same tissue

binds the muscular bundles together, and is found

all over the body binding and keeping the other

organs together. When the matter of which the

nerves are composed is examined, it is found to

contain about ten per cent, of an albumen, ten per

cent, of fatty and saline matters, and eighty per cent,

of water.

88. The simplest form of a nervous system consists

of a ganglion containing nerve-cells, and a nerve con-

taining nerve-tubes. Such a simple structure is,

however, seldom found even amongst the lowest

animals which have nerves. What we find, as for

instance in the starfish, is a series of ganglia, ar-

ranged in a circle round the mouth, and attached

together by nervous cords, and giving off in various

directions little nervous twigs. In worms, insects,

crabs, and lobsters, we find a double row of nervous

ganglia, forming two hues, which are connected to-

gether by nervous cords, aud give oft to the legs and

other organs nervous twigs, an whelks, snails, oysters,

aud other shell-fish, the ganglia are situated in various
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EXPLANATION OF PLATE XIY,

Illustrating the Functions and Structure of the Nervous

System and the Organs of the Senses, referred to m
paragraphs 89, 90, 91, 93 and 95.

Fig. 3S is a diagram representing the functions of the

brain, spinal cord and nerves. The brain may be re-

garded as the terminus of a railway station. The nerves

of sensation represent the up-lines, whilst nerves ot

volition or motion represent the down-lines. In all

the ordinary nerves these two sets of nerves are com-

bined together, but in some of the nerves proceeding

from the brain the two are separated. Thus, the third,

fourth, and sixth nerves proceeding from the brain are

nerves of motion, whilst the fifth nerve is entiiely a neive

of sensation.

Fig. 39 represents the brain and spinal cord seen from

the front, a is the fore-brain, which is divided into three

lobes
;

b, the front lobe
;

c, the middle lobe
;

d, the hind

lobe. The hind-brain, consisting of e, the cerebellum,

and/, the medulla oblongata, is also represented. From
below the medulla oblongata the spinal cord gives off

thirty-one pairs of nerves
;
these are seen in the diagram

passing off from the spinal cord

—

g, nerves of the neck
;

h, nerves of the hips; 7c, the great sciatic nerve.
.

Each

of these nerves contain nerve-tubes for conveying up

sensations, and nerve- tubes for conveying down volitions.

The nerve-tubes of sensation and volition have different

origins in the spinal cord, the nerves of sensation pro-

ceeding from the back ot the spinal cord, and nerves of

motion proceeding from the front. They start from the

cord with separate roots, and unite before they proceed

on their common course.

Fig. 40 is a diagram representing the way in which

the rays of light passing through a lens causes an

inverted image, and shows how images passing through

the eye become inverted on the retina ; a b is an object

which, passing through the lens, c d, becomes inverted on

the screen e f.
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parts of the body, and are all connected together to

form a common nervous system.

89. The function of a nervous system, however

simply constructed, is to receive impressions from

without, and to convey force from within. The

ganglion is always the centre of these two actions. It

may be compared to the terminus of a railway
;
and

the nerves which bring impressions from without are

like the up-lines of railway, whilst the nerves which

convey impressions from within are like the down-

lines. The nerves which go up to the ganglia are

called by various names
;
they are called sensory or

sensitive
,
as they receive the impressions which pro-

duce what we call sensations. They are also called

afferent,
and, since they run to a centre, are also

called centripetal. On the other hand, the nerves

which convey impressions from the ganglia always

have the power of causing some kind of motion.

They are hence called motory or motor nerves. In

the higher animals they are under the control of the

will, and are also called volitionary. As they come

from a centre they are said to be centrifugal, and as

they go outwards are called efferent.* The effereut

and afferent nerve fibres are bound together in the

same nerve, and cannot be distinguished by the eye.

* The use of these terms will be understood best by the

following diagram :

Ganglion.

Nerves. Nerves.

Motor.

Volitionary.

Centrifugal.

Efferent.

Sensory.

Sensitive.

Centripetal,

Afferent.

G
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Nerves end differently according to the different uses

they have. Those going to the muscles (motor)
spread out in a very fine network all round the

muscle-fibres, whilst those nerve-tubes which carry

sensations end in little nobs in the skin, or in organs
like the eye.

90. The result of impressions on a chain of ganglia

like that in a worm is to produce motion in those

muscles which move the body. Such a system is

called excito-motory

;

and it is the means by which
simple movements of the body are effected in all

animals. When the digestive and respiratory func-

tions in animals require special superintendence,

nervous ganglia are added for this purpose
; and in

the higher shell-fish ganglia are observed accompanv-
ing the development of the digestive and respiratorv

organs. The movements accompanying the perform-

ance of the functions of these organs are all the

result of the stimulus of the food and of the air or

oxySeua^e<^ wa-ter on the nerves. In man, and the

vertebrate animals, the nerves which receive impres-

sions from without, and those which go to muscles

subject to the will or consciousness, spring from a

great mass of nerve tubes and cells which lies in a

bony case, and forms the brain and spinal cord.

91. When the organs of the senses begin to be

developed in the lower animals, they are connected

with special ganglionic masses, and the nerve which

receives the external impression, runs to the ganglion.

In these cases, motion is produced as the result of im-

pressions on a special organ of sense. The organ of

sense which is first developed in the lower animals is

the eye
;
and we see, amongst the insects especially,
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a ganglion supplied to the nerves of the eye. The
movements of insects seem more especially determined

by the impression of external objects on their eyes.

Such movements, whether they result from impressions

on nerves of sight, hearing, taste, smelling, or ordi-

nary sensation (pinching, &c.) are called -sensori-motor.

In man and the higher animals such ganglia of great

size are seen at the base of the brain, and are con-

nected with the nerves of the nose, eye, and tongue,

and also with nerve-fibres from the furthest parts of
the body through the spinal cord. These great masses

are called the “ ganglia of the brain,” also the corpora

striata, optic-thalami, corpora quadrigemina, &c. The
movements due to these ganglia in man, and to their

representatives in lower animals, are quite independent
of will. But these sensori-motor actions differ from
excito-motor actions in that we know or feel the

stimulus, though we cannot prevent the action.

Such are blinking when a bright object is placed
before the eye, sneezing when snuff is applied to
the nose, starting when sound is applied to the ear,

jumping when pinched, also the first act of swallowing
is of this nature, as also is breathing in part; for these

actions cannot go on when the sensation of the throat
or lung is lost by the destruction of nervous connec-
tion with the great brain ganglia.

92. There is a last stage in the development of the
nervous system of animals, which consists in the pro-

duction of an organ which is not connected with any
special group of nerves. This consists of two masses
ot nerve matter, called sometimes the “ hemispheres,”
sometimes the brain-proper, or cerebrum but best
distinguished from the other parts lying in the skull
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or brain-case, as the fore-brain. It is peculiar to the

back-boned animals, and is not even represented in

insects, molluscs, &c. The fore-brain is altogether

the most important mass of nervous matter. It

receives impressions from all the other parts of the

body
;
and the impressions it thus receives are more

or less permanent, and are called ideas. It thus

becomes the seat of consciousness, and above all of

memory
;
and by its action the animal has the power

of determining which of two lines of action it shall

take
;
and this is called will. Hence the cerebrum is

also the seat of volition or voluntary action. At the

same time it acts on the muscles, sometimes indepen-

dently of the consciousness
;
and snch actions are

called ideo-motor. Such actions as these are seen when

persons are asleep, when they can be persuaded to

act on any suggestion made to them by persons stand-

ing by. An illustration of such action is seen in the

exhibitions of the so-called “ electro-biologists,” in

which by means not fully understood persons are

deprived of the natural influence of their conscious- j

ness, and they perform very absurd movements under

the idea that they are drunk, or on fire, or in danger

of falling, or other accidents.

93. Having thus described the general characters

of the nervous system in the animal kingdom, we now

proceed to describe that which exists in the human

being more fully. In man we have a brain and spinal

cord, or cerebrospinal system, and a second system

called sympathetic, which is particularly connected

with the soft organs. The brain is divided into a

fore-brain, a mid-brain, and a hind-brain. The fore-

brain or “hemispheres” is split down the middle, and
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EXPLANATION OF PLATE XIII,

Illustrating the General Structu/re of the Brain and the

Nerves of the Senses, referred to in paragraphs 93, 94
and 96.

Fig. 35 represents a portion of nerve-tissue under tlie

microscope. A exhibits the nerve-tubes and the various
fonus they assume

; B shows a portion of brain-tissue

in which the tubes which convey sensations and volitions

are mingling with those cells by which impressions are
received and the mandates of the will or the controlling
force of the nerves are communicated to the muscles.

Fig. 36 represents a view of the fore-brain from above.
The division between the two hemispheres is seen, and
the covering of the middle and hind-brain is obvious.
Hence Professor Owen refers the family of man to a
separate family called Avchencephala, on account of
their fore-brain concealing all other parts of the brain.

Fig. 37 exhibits a section of the human brain, repre-
senting the fore-brain, mid-brain and hind-brain, with
the nerves of the senses. The nerves of special sense
are seen passing to the nose, the eye, the ear, and the
tongue, also the great nerves given off from the medulla
oblongata. The double origin of the spinal nerves is

seen in the spinal cord.





STBUCTtJEE OF BAAIN'. 85

is curiously wrinkled and folded
;
in man it is very

large, and spreads backwards over both the mid- and

hind-brain. At its base, or rather enveloped by it, is

one of the large ganglia of the brain. The two sides

of the fore-brain are, as we said, separated by a deep

groove, running from front to back, but at the bottom

of this is a mass of nervous matter, which unites the

two sides together. This mass of nervous substauce

contains nerve-tubes, which run across each other

from one side to the other, and explains the curious

fact, that when one side of the brain is injured the

functions of the opposite side of the nervous system,

below the spot where the tubes cross, is affected. The

outside of the lobes of the fore-brain present a series

of elevations and depressions, which are called convo-

lutions. When cut into, this great reflected mass

presents externally a greyish colour, and internally is

white. The grey matter consists principally of nerve-

cells, and is supposed to be the source of that power

which the brain and ganglionic masses exert on the

nerves. The white matter is composed of nerve-tubes

or fibres. The whole brain is covered over with three

membranes, one a strong, fibrous membrane, called

the dura mater
,
which lies next the hone, another,

more delicate, the pia mater
,
through which pass the

blood-vessels that nourish the brain, and a spongy

intermediate membrane. It is these membranes

which become inflamed in inflammation of the brain,

and which become congested under the influence of

alcoholic drinks. By habitual drunkenness these

membranes become thickened and rendered opaque,

and thus offer an obstruction to the circulation in the

brain, leading to apoplexy, which is caused by blood
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being effused on the brain, and softening of its sub-
stance. It is the action of alcohol on the circulation
of the brain that leads to the disease known as delirium
tremens, which so frequently terminates the existence
of drunkards.

94. Behind the fore-brain, and quite covered in bv
its lobes, is the mid-brain, almost entirely made up of
ganglionic grey matter, and intimately connected with
the nerves ot sight and other sensation. In fishes

this is much the biggest part of the brain. Behind
this again, and not closed in by the great hemispheres,
though overlapped by them, is the hind-brain. This
has two parts, the cerebellum (an out-growth like the
cerebrum), and a lower part called medulla oblongata.

The cerebellum is about a sixth of the size of the
brain proper, and is seated at the back of the skull,

and divided from it by a thick membrane, called the
tentorium. Like the lobes of the fore-brain, it consists

ol both white and grey nervous matter. The white
matter is so distributed as to give it the appearance
of a shrub or little tree, which has been fancifullv

named arbor vitce, the tree of life. The medulla

oblongata is a mass of nervous matter connecting the

spinal cord with the great mass of nerve matter in the

skull called “ brain.” Prom the base of the brain are

given off various nerves, whose branches pass through

holes in the skull, and reach either the organs of

special sense, or the muscles and skin in the neigh-

bourhood of the head. The medulla oblongata also

gives oft’ nerves within the skull. The spinal cord

runs from the brain through the great hole (foramen
magnum) at the base of the skull, in a canal made bv
the union of the vertebras or separate bones of the
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back. This is called the spinal canal. The spinal cord

or marrow consists of grey and white nervous matter,

of the same kind as that in the brain. The grey

matter is found in the inside of the spinal cord, and

the white matter is outside.

95. The principal nerves of the body are given off

from the brain and spinal cord, and belong to what is

called the cerebro-spinal nervous system. This is to

distinguish them from that other set of nerves which
O

are called the sympathetic, and which are found form-

ing a network of nerves on each side of the body, from

the neck to the lower parts of the body. This system

of nerves is composed of a series of ganglia, which are

connected together by nervous cords and twigs, and

constitute the two great sympathetic nerves. The

twigs of these nerves interlace freely with those

passing from the brain and spinal cord. The appear-

ance of the nervous matter of the sympathetic, under

the microscope, differs from that of the cerebro-spinal

system, in having many more nerve-cells and soft

nerve-fibres, which are easily distinguished by the

absence of a dark outline. Small twigs of this nerve

are sent to the whole of the blood-vessels and to the

minute capillaries, and by this means the whole of the

organs of the body are brought within the control of

the nervous system.

96. The nerves that come from the brain and

medulla oblongata are all numbered, and as they pass

out on each side of the brain they are called pairs.

Thus we have nine pairs. The first pair are the

olfactory nerves, which divide into a number of small

twigs, and pass through a sieve-like bone at the top

of the nose, and are distributed to the mucous mem-
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brane of the nostrils. The second pair are the optic
nerves, which pass through holes at the bottom of the
sockets of the eye-balls, and are expanded into a deli-

cate nervous membrane called the retina
,
which lies

at the back of each eye. The third, fourth , and sixth

pair of nerves are distributed to the six muscles of

the eye, whilst each great fifth nerve divides into

three branches, one giving common sensation to the
upper part ot the face, eye, and nose

;
the second to

the upper jaw and teeth
;
the third to the lower jaw,

and giving off too the nerve of taste. It is this nerve
which gives us tooth-aches and face-aches. The seventh

pair of nerves are singular
;
they have two branches,

one of which goes to the ear, and receives impressions

from the waves of sound, producing hearing, whilst

the other branch goes to the face, and is a motor
nerve, giving the wonderful powers of expression to

the human face. The eighth pair have each three

branches, which are distributed to various important

organs
;
they descend down through the neck, giving

branches to the tongue and the mouth, the lungs and
the stomach, and having connections with the svmpa-
thetic nerve. They take their origin in the medulla

oblongata. Below these important nerves originate

two others within the skull, called the ninth pair, the

branches of which go to the muscles of the tongue,

and are the source of its movements.

97. The spinal cord, in its course down the spinal

canal, gives oft’ thirty-one pairs of nerves. These

nerves are all of one kind, that is, they are nerves of

common sensation and motion. They are distributed

to the skiu of the trunk and extremities, producing

the common sense of touch, and to the muscles, pro-
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EXPLANATION OF PLATE XII,

Fig. 34,

Representing the Cerebro-spinal Nervous System, and

referred to in paragraphs 95, 96 and 97.

This diagram illustrates the whole nervous system

with the exception of the sympathetic nerve (^[ 95).

Above is represented the hind part of the fore-brain,

and the exterior of the hind-brain, represented by the

cerebellum, is seen. The mid-brain is concealed. The
spinal cord is exhibited giving off its thirty-one pairs of

nerves and is seen passing down from the brain. The
spinal cord in its course gives off both nerves of sensation

and volition, which are bound up in the same sheath.

These are distributed to the arm and run down to the

tips of the fingers, where the greatest development of

the functions of sensation takes place.

On arriving at the pelvis the spinal cord divides into

two sets of nerves, one of which goes to the right and
the other to the left. These are distributed to the legs

and the toes. The nerves of the spinal cord are not only
distributed to the internal structures giving rise to the

functions of sensation and motion, but they are especially

distributed to the skin, where they become the nerves of

common sensation or touch. The whole surface of the
skin is sensitive as the result of the distribution of the
nerves of sensation from the spinal cord.
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ducing motion. Each of the spinal nerves has two

roots in the spinal cord, the one coming off from

behind, containing the nerves of sensation, and others

passing off from before, forming the nerves of motion.

These roots unite together, forming a single nerve,

which possesses both the property of carrying up

sensations and bringing down volitions. For the

discovery of this great fact in the action of the

nerves, we are indebted to Sir Charles Bell. He
showed that when the posterior roots of the nerves

were cut, an animal lost the power of feeling, and

that when the anterior root was cut it lost the power

of motion. The spinal cord and the nerves which

issue from it, form what is called an excito-motor

nervous system, and although the sensations produced

on it may he, and generally are, recognised by the

brain, and the motor nerves are acted on by the

will, it nevertheless can act entirely independent of

the brain. The brain of a frog or a turtle can be

removed without pain to the animal, and if this is

done, and the animal is pinched or irritated in any

way, it exhibits movements in the corresponding

nerves. Thus, a frog will jump when its legs are

pinched, although its head is cut off.

98. The nerves generally terminate by means of

loops in the various parts of the body to which they

are sent. From these loops again little processes are

sent into the tissues around the nerves. Sometimes

the nerve terminates in a minute sac or capsule.

This is especially the case in the nerves sent to the

fingers, and this arrangement is found also in other

parts of the body. These minute swellings are called

Pacinian bodies, after Professor Pacini of Pisa, who
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first accurately described them. Their use is un-
doubtedly connected with the more delicate tactile
function that is found to exist in the tips of the finger
in man. A wonderful modification of nervous structure
is seen in the electric organs of some fishes. A pecu-
liar apparatus composed of hexagonal plates is placed
on each side of the fish, and on this arrangement of
plates the nerves are distributed. The animal has the
power through this apparatus of discharging its

nervous force in the form of electricity. It is clearlv
seen from the history of these animals that the ner-
vous force can be transformed into electrical force.

99. Of all the parts of the nervous system the brain
is most important. All other parts of the nervous
system terminate more or less directly in the brain.

In proportion to the rest of the nervous matter in
the body, it is larger in man than in any of the lower
animals. It is the function which the brain performs
that distinguishes man from all other animals, and it

is by the action of his brain that be becomes a con-
scious, intelligent, and responsible being. The brain
is the seat of that knowledge which we express when
we say I. I know it, I feel it, I saw it, are expres-

sions of our individual consciousness, the seat of which
is the brain. It is when the brain is at rest in sleep

that there is least consciousness. The brain may be
put under the influence of poisons, such as alcohol

and chloroform, and then the body is without con-

sciousness. From these and other facts the brain is

regarded as the seat of consciousness.

100. Not only is the brain the means by which the

impression of our own existence is made evident, but
it is the recipient of all those impressions from with-
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out which are called ideas. Thus we see with our

eyes a particular colour, and it is as it were registered

in the brain in the form of an image or idea. In

the same way we feel a hot body, and we get the

idea of heat, and so on with our other senses
;

and the act by which we apprehend the pro-

perties of bodies outside of us, is called 'perception.

It is in this way that man, by the exercise of the

nerves of smelling, seeing, hearing, tasting, and feel-

inm is enabled to accumulate ideas in his brain. Of

all these ideas which are thus taken up and registered

in his brain, he is made conscious by the same organ,

and thus man becomes a conscious intelligent being.

101. Although the brain is said to be the seat of con-

sciousness, it must not be supposed that man has no

consciousness without the brain. Man is a spiritual

as well as a material being
;
and lying beneath all

natural forces is the soul of man. This is the recipient

of all that man gets to know by the material instincts

of his body, and survives the destruction of the human

frame. It is this spiritual part of man’s nature that

carries on his identity from month to month, and year

to year, and makes him to know that he is the same

individual from the day of his birth to that of his

death. The composition of the organs of man’s body

are constantly changing. A quantity of matter, equal

to the weight of the whole body, is lost in forty days
;

hence we may conclude that whilst the matter is con-

stantly passing away from the body, the human spirit

remains, retaining the consciousness and carryingon the

existence of man from this world to another.

102. When ideas have been received in the brain,

they do not remain passive. The brain has the
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power of recalling the ideas ifc has received in the
past. This faculty is called memory

,
and upon this

faculty much of the power of man over the external

world depends. It is thus that he becomes more
learned the longer he lives

;
and that life in old age is

filled with the recollections of the past. When we
consider the vast amount of knowledge exhibited by
the intellect of men of mature age in the vigour of

health, we cannot but feel astonished at the power
possessed by this material organ of man’s highest

life. Not only has man the power of recalling the

ideas that have been once impressed upon his senses

in the same order in which he has received them, but
he has the power of combining these ideas, and making
them to assume new forms, such as never were

actually presented to him by his senses. This faculty of

combining ideas, and reproducing them iu new forms,

is called imagination
,
and lies at the foundation of

the arts of poetry, music, painting, and sculpture. The
result, also, of the activity of the brain is that arrange-

ment and comparison of the ideas which we receive

from without, and the arrival at conclusions which

are called judgment and reasoning. Whatever quali-

ties, in fact, can be properly attributed to the human
mind, must have their source in the brain.

103. When ideas are received into the mind, they

frequently produce impressions, which are called feel-

ings and desires. These feelings, some of which are

called emotions and passions, all have their seat in the

brain. Amongst these feelings is that of love—the

love of the sexes, the love of cliildreu, the love of

home, benevolence, the love of man, self-love, the love

of approbation, the desire of doing right, conscience,
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the feeling of adoration, and the recognition of a good

and allwise G-od. There has been a dispute amongst

writers upon the nature of the mind of man, as to

whether certain ideas, such as those of the existence

of God, and a sense of right and wrong, are innate or

are acquired by the action of our senses upon the

external world, and by instruction from others. What-

ever he the view taken of this great philosophical

question, all are agreed that the brain is the seat

of the thought, and connected with these ideas.

The result of the action of ideas on the brain, in

connection with the emotions, produces those effects

in the muscular system which are called voluntary

movements. When man is conscious of these mo-

tions, and determines upon them as the result of the

action of his ideas, he is said to exercise his will.

The brain is, therefore, the true organ of the will;

and a man is regarded as responsible for his actions,

on account of his being able, by his will, to choose

between different courses of action. It is of the

utmost importance of man so to educate his mind,

that his intellectual judgments may control the

emotions and passions which too often influence his

conduct.

104. Although the functions of the brain are thus

complicated, there is little trustworthy evidence to

show that any particular parts of the brain are devoted

to the performance of especial functions beyond the

general distribution of sensation and consciousness.

(92, 93). A few years since a system of mental

philosophy was introduced, under the name of phreno-

logy, the first principle of which was that the brain

was a congeries of organs. These organs were
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thirty-two in number
;
and each organ was supposed

to be devoted to a separate faculty. It was said

that the size of these organs could be told by the
conformation of the skull

;
and thus that the general

character and tendencies of individuals could be
judged by the size and form of their heads. After
many years of observation the experience of pbvsi-

ologists has not confirmed these views
;
and whilst

the simplicity of the arrangement of the various

faculties of the mind introduced by this system are

to be commended, the statement that each faculty

of the mind has an organ in the brain cannot be
entertained. At the same time, it should be stated

that a considerable amount of evidence has been pro-

duced to show that the front portion of the left hemi-

sphere of the fore-brain is connected with the function

of language.

105. From the evidence of the fact that one side of

the brain may be diseased or injured without atfecting

the general functions of the brain, it would appear

that each hemisphere of the brain is capable of per-

forming all the mental acts. One of the great proofs

that the brain is the organ of the mind is seen in the

fact that, in proportion to its size, all other circum-

stances being alike, it is capable of performing its

functions. Thus, the brains of those who have made

an unusual impression on their age, have been found to

be large. The brain of Cuvier, the French anatomist,

weighed sixty-four ounces
;
that of Dr. Abercrombie,

an eminent Scotch physician, sixty-three ounces; that

of Dupuytren, the great French surgeon, sixty-three

ounces. Ou the other hand, the observed weight of the

brain of acknowledged idiots has been from nineteen
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to twenty-two ounces. The weights of the brains of

the chimpanzee and the gorilla have been found to be

about ten ounces. The average weight of the human
brain in male and female is about forty-eight ounces.

The average weight of the female brain is about three

ounces less than that of the male.

106. As the brain is the most important organ of

the human body, so it should be an object of the

utmost solicitude to keep it in perfect health. The

muscular and nervous systems differ from the heart

and lungs in requiring rest. The brain of man is so

constituted that in order to perform its functions it

must have periodical seasons of entire rest. This rest

we call steep. Not only does sleep appear to be

necessary for the purpose of resting the brain and

nervous system, but it is during this period that the

wear and tear of the nervous matter is repaired.

Without sleep the brain is worn out, and persons

have been known to die from the effect of being

.
forcibly kept awake. The quantity of sleep required

varies much with different individuals, and also with

age and amount of work done with the brain. The
average amount of sleep required by adults is eight

hours of the twenty-four. It is recorded of many
persons that they have been able to do with much less,

but they have died early. Sleep and death are twin

sisters, and if the one is robbed the other will have to

be paid. Infants sleep all day long, and old persons

require more sleep than young ones. Persons who
work with their brains at mental pursuits require

more sleep than those who work with their muscles.

The history of all hard students who carry their

hours of study over midnight, and rise early in the
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morning, shows how dangerous it is to try and cheat

nature out of her necessary rest.

107. When sleep is not obtained, it is a sure sign

that something is wrong in the body, and persona

under most circumstances should make a searching

inquiry for the cause. Although sleep is induced by

taking certain drugs, as opium, hemlock, henbane,

and others, it is never wise to have recourse to these

agents unless under skilled medical advice. Alcohol

(23) sends persons to sleep at first, but if the dose of

alcohol is repeated, it brings on changes in the brain

which end in a disease called delirium tremens, the

chief characteristic of which is the utter inability of

the person affected to obtain sleep. .Mental anxiety,

by whatever cause produced, will tend to deprive the

brain of sleep. It often happens under these circum-

stances that the brain not getting properly nourished,

its functions give way, and insanity is produced. In

the majority of instances where persons make away

with themselves, it is in a fit of insanity produced by

sleepless nights. For temporary wakefulness many

devices have been proposed. The voluntary direction

of the attention to some sensation will often incite

sleep, such as listening to the ticking of a watch, or the

dropping of water, or repeating well-known lines of

poetry, or recalling past scenes. Sir Thomas Brown

says he found it a most effectual soporific to repeat

some verses on which the well-known “Evening

Hymn ” is founded.

108. The occurrence of dreams during sleep is a

curious and interesting phenomenon. They appear

to arise from the action of ideas in a semi-conscious

state of the brain. During deep sleep it appears
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there is little dreaming, but when the brain is suffi-

ciently refreshed and recruited by repose, a condition
comes on in which the brain recalls its ideas in various
fantastic forms. That consciousness during the time
of dreaming is not fully alive, is seen by the little

impression that is made on the mind by the grotesque
absurdities which are frequently presented. Although
so much superstitious importance is attached to
dreams, there is nothing to prove that, during this

half-waking state of the brain, any knowledge can be
gained further than can be obtained in the waking
state. There is no proof whatever that the brain
in its state of sleep has the power of acquiring
or affording any information of a kind different from
that which it possesses in the waking state. The
practice of attaching any importance to dreams should
be dismissed, as altogether unjustified by experience,
or by our knowledge of the nature of the functions of
the brain.

109. Whilst, however, no significance is to be at-
tached to dreams, there are certain conditions of the
brain occasionally present during sleep, that are of
high interest. Thus, persons walk in their sleep,
and are said to be sleep-walJcers. It is well known
that some persons will exhibit during sleep a con-
sciousness of what is going on around them, without
being avare of this state when they awake again.
They will walk about the house, reply to questions, and
exhibit an active interest in what is said to them, but
when awakened they will know nothing about what
has taken place. When they go to sleep again, and
again assume this state, they will recollect all that had
gone on in their former sleep-walking state. They seem

7
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to Lave a double consciousness, and, as it were, a sleep-

ing and a waking life. What is most curious about this

state is, that it can be artificially produced. The
“ mesmeric ” condition of which we have already

spoken (92) seems to differ but little from this

sleep-walking state which occurs naturally.

110. The actions of persons in this condition are

determined by the fact of one idea suggesting another.

This is called the association of ideas. In our waking

state, the will more or less controls this association,

although every one is aware of a condition of the

mind which is called day-dreaming
,
in which the will

as it were lets go its control of the ideas, and allows

them to go wandering where they like. In sleep-

walking, also called the mesmeric state, that condition

of the brain which enables it to exercise will, is

entirely lost, and the individual becomes the victim of

another’s will by the suggestions made. The absurdi-

ties of the exhibition of what is ignorantly called

electro-biology, including table-turning, may be thus

explained, as also other similar occurrences, in which

people are puzzled by the results of their own actions

performed unconsciously.

111. From the previous survey of the nature of the

human brain, it will be seen that to ensure its healthy

activity, all its functions should be fully developed,

and especially that the emotious and feelings should

be brought under the control of the Will. This is

the first object of education. The infant is more or

less under the control of its feelings, but, as its intel-

lectual powers are developed, it gradually gains the

power of controlling its emotional nature. Next to

the development of the W ill the object of educa-
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tion should be to develope the intellectual powers
of the brain

;
to train it to observe external objects

accurately, and to reason upon them correctly, so

that the individual may arrive at right conclusions,

and act accordingly. From defective education, per-

sons constantly grow up incapable of controlling

their emotions and passions, and exhibit all the
characteristics of vice and crime. In too many in-

stances the feelings and emotions altogether control

the intellectual judgments, and the mind becomes
permanently disturbed. This condition is called in-

sanity. The first tendency of the feelings to over-

power the judgment should be controlled, and the
great end of all education should be to make of man
a being who both knows, and at the same time can
will to do, that which is right and best for his own
and others’ happiness.
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CHAPTER IX.

ON THE ORGANS OE THE SENSES.

112. We have seen that the brain derives its ideas

from impressions produced upon the nerves. These

impressions are derived from various sources
;
and the

nerves are so constructed, that they may gather infor-

mation, as it were, through the activity of the various

forms of matter and force which exist in the external

world. It is said that man possesses five senses : and

these are very appropriately called the “ five gateways

of knowledge.” These senses are the sense of Touch,

of which the hand may be said to be the special instru-

ment; the sense of Sight, of which the eye is the

organ; the sense of Hearing, the function of which is

performed by the ear; the sense of Smell, which resides

in the nose, and the sense of Taste, belonging to the

tongue.

113. Of these senses, that of touch is the most

diffused. This sense resides not only in the hands and

turners. but the nerves which minister to it are

spread over the whole body
;
and thus it is called the

common sense. It usually acts through the termina-

tion of the nerves in the skin
;
but wherever pain is

felt in the body, it results from the action of the

nerves of sensation. Some of the nerves which pro-

ceed from the brain, and all those which proceed from

the spiual cord are susceptible of impressions from
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being brought in contact with external bodies. It is

thus that we discover the hardness or softness ofbodies,

their heat or coldness, their roughness or smoothhess
;

and when the sense of sight is deficient, that of touch

supplies a large amount of information, by which the

minds of those who are blind are instructed. Com-

bined with the action of the muscles which supplies to

the brain ideas of resistance, the sense of touch is the

great minister to man’s wants as a civilised beiug. It

is by means of the muscular sense, and that of touch,

that the hand of man is educated to perform the

various acts which distinguish him from the lower

animals. The hand is employed in all the great

occupations of life. The working man labours with

bis hand
;
with it he uses the saw, the chisel, the

hammer, the spade, and the plough. With the hand

the ai’tist paints, and the author employs his pen. All

the machinery of our manufactories is made by the

hand, and superintended by the hand, and all domestic

industry is carried on by the hand. The discoveries

of the chemist and natural philosophers have all been

made by the use of the hand. The nerves which are

thus active in the hand, are distributed to all other

parts of the skin
;
and every portion of the skin may

be regarded as a part of the organs of touch. Every

part is not, however, sensitive alike. If we take a

pair of compasses, and place them in different parts of

the skin, it will be found that the two points are dis-

tinguished very differently on different parts of the

body. The two points of the compass will be distin-

guished at J4 th of an inch apart on the tongue, at ^th

of an inch on the lips, th on the tips of the fingers,

and at \ of an inch on the great toe. Sometimes tho
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sense of touch is lost. Every one knows that when the
arms or legs are pressed on for some time, a “prickling”
sensation is felt. This arises from interference with
the nerves of sensation

;
whilst in some diseases the

communication between the nerves and the spinal

cord is destroyed, and then paralysis or palsy takes
place.

114. The other four senses are called special senses

;

of these the most important is the eye. The eve is

really a most perfect optical instrument. It is so

constructed, that most perfect images of all external

objects are, as it were, felt by the nervous svstem. In
the lowest animals the eye consists of a twig of nervous
matter, rising from a ganglion

;
and over this may be

placed a little lens, which, collecting together the ravs

of light, forms a bright spot, which is perceived bv the

nervous twig on which it is impressed. As we pass

up from the lowest animals, the eye becomes more
complicated in those arrangements by which exact

vision is secured, till we come to man, where we find

this organ exhibiting its most perfect condition. For
the purpose of understanding the structure of the eve,

it is worth while to procure the eye of a dead animal,

such as a sheep, or an ox, by dissecting which, its

general structure can be easily understood. Bv exa-

mining, however, our own eyes in a glass, or another
person’s eye, we can get to know how wonderful an
instrument it is. The whole of the seeing parts of the
eye are contained in a round tough case or bag, which is

sunk in the sockets of the skull. Passing from the
brain, through a hole at the bottom of the socket, is

the optic nerve, which pierces the bag of the eve, and
penetrating its interior, spreads itself upon the inner
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EXPLANATION OF PLATE XV,

Illustrating the Structure and Functions of the Eye, referred

to in paragraphs 114, 115, and 116.

Fig. 41 is a diagram representing what is called the

refraction of light, abed is a plate of glass. If a ray

of light, p /, strikes the glass, instead of passing in a
straight line through the glass from/ through g and l,

it is bent down to h, and passes on to h. It is thus per-

manently bent. The lines e i and to n represent the

extent to which the ray of light has been bent or re-

fracted. The lens in Fig. 40 has been the means of

bending the rays of light so as to produce the effect

there observed.

Fig. 42 represents the external structure of the eye.

The optic nerves are seen passing to the interior of the

ball of each eye. At the base of the ball, where they
terminate, they expand into a fine network of nervous
matter, which constitute the retina. The eyeballs are

placed in the sockets of the skull, and are moved by
means of six muscles. These muscles are marked at

u, s, i, v and e. to m is the sclerotic membrane, which is

a thick fibrous coating and covered with the membrane
called the conjunctiva. In front the sclerotic gives place

to the cornea, A, A, which is a very thick membrane,
but is transparent and allows the rays of light to pass
into the interior of the eye.
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surface, forming a network of nervous matter, called

the retina. It is upon this network that the picture

of external objects is thrown by the aid of the other

parts of the eye. The picture thus formed is as

much felt by the retina as an object that is touched

is felt by the finger. Not ouly is the form and

shape of external objects thus perceived, but the

most delicate shades of' colour are appreciated. These

pictures of external objects are formed in both eyes at

the same time, and it is by the action of the two eyes

upon one object that we get the idea of the rotundity

of objects, and their relative distances from each other.

115. If we now examine the ball of the eye, we shall

find that it consists of a membranous bag, which is

everywhere opaque, except in front, where there is a

transparent membrane called the cornea. This mem-
brane, like a watch glass, is convex in front, and con-

cave behind. Through this transparent membrane
the rays of' light penetrate into the inside of the ball of

the eye. Behind this membrane is a quantity of water,

called the aqueous humour, which, when the cornea is

punctured, escapes. Within the cornea is seen the

coloured part of the eye, in the middle of which is a

dark-looking opening into the interior of the eye, which

is called the pupil. If we look at a person’s eye, it will

be seen that this little opening expands or contracts, as

theeyeis exposed to the light or protected from it. This

expansion and contraction occurs in a delicate mem-
brane, which is always coloured, and gives the various

colours to the eye. It is called the iris. It is, in fact,

a sort of circular curtain, which, by folding up and
letting down, is employed for regulating the quantity

of light in the interior of the eye. It contracts when
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the light is strong, and dilates when the light is weak.
Behind the pupil formed by the iris is situated the
o ystalline lens. This is a doubly-convex transparent
body, about the size of a French bean, and is im-
portant in forming the pictures which are thrown
upon the retina. The lens of the eve can be
easily imitated in glass, and exactly the same effects

can be produced. This is done by an instrument
called a camera obscura

,
in which a lens is used for

bringing the picture of external objects on to a sur-
face in a darkened chamber, which can then be ex-
amined by the eye. This is the instrument used bv
the photographer for taking portraits, and making
pictures of buildings and scenery. The photographer's
method of forming pictures has always been exercised

by the human eye
; his special art consists in render-

ing the pictures he obtains permanent by chemical
means.

116. If we examine still further the eye, we shall

find that the crystalline lens rests upon a semi-liquid

mass, which occupies the greater part of the hollow of
the eye-ball. This is called the vitreous humour,
and fills the chamber of the back of the eve. If

we look into a living human eye, through the pupil,

we can discern the picture that is painted on its

back, and thus discover what the individual sees.

This picture lies upon a dark surface, as the walls of the

eye are painted black. This is done with the object

of making the picture more distinct
;
for just as the

photographer must make his sun-picture in the dark,

so must the sun-pictures on the eye be made in a dark

chamber. If we examine the interior of the eye of an

animal, we shall find that the inside chamber of the
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eye is covered over with a Hack pigment, consisting of

very minute cells containing carbonaceous matter.

Sometimes this pigment is absent in the eyes of men

and animals. Such individuals see very imperfectly

;

and the blood-vessels, with which the eye is abundantly

supplied, can be seen through the pupil lining the

bottom of the eye, giving it a red appearance. Such

persons have also a deficiency of colouring matter in

other parts of the body, and their hair is white, whence

they are called albinos.

117. The outside, as well as the inside of the eye, is

supplied with minute blood-vessels. Those on the

outside of the eye run along a very delicate mem-

brane, which covers that part of the eye which is called

the white, and the cornea. When anything gets into

the eye, the blood stagnates in the vessels, and they

can be seen traversing the white of the eye in all

directions. This also takes place when the eye is in-

flamed, and what is called ophthalmia occurs. The

eye becomes inflamed by exposure to cold, or by

looking at an intense white light. Thus persons

have been known to get ophthalmia during the

long prevalence of bdow. Among the defects of

the eye are those called short sight and long

sight. When a person is short-sighted, and has to

put his eye closer to an object to see it than other

people, it arises from the cornea being too rounded,

and the pictures passing through it are formed, not

immediately on the retina, but in front of it. This

defect is removed by wearing glasses—spectacles, by

which the condition of the cornea is rectified. So

with long sight, the cornea in that case is too flat, and

the picture is formed beyond the retina
;
but glasses
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can be worn by which this defect may be remedied.
There is no need for alarm about these conditions of
the eye; and no fear need be entertained of using
those forms of glasses which most efficiently rectify
the defect.

118. The eye is unfortunately liable to many dis-

eases of its internal structure which render it utterly
useless, and persons are then said to be blind. Some
persons are born with these structural defects, and
remain blind during the whole of the’’ lives. One
common form of these diseases is catar-.ct, which con-
sists of a thickening of the lens, and the rays of light

are then prevented from passiug on to the retina. This
disease can, however, be often remedied by an
operation, which consists in removing or breaking up
the lens, and many persons born with cataract have
thus been restored to sight. The most irremediable

forms of disease of the eye are those which affect the
optic nerve. This nerve, like others, is subject to

paralysis, and when this comes on, no picture on the
retina is perceived, and the person becomes hopelessly

blind. This disease is called amaurosis. The poet
Milton was thus afflicted, and often refers in his

poems to his sad condition

—

“ Wisdom by one entrance quite shut out.”

119. Outside, the ball of the eye is surrounded with

means for preserving its structures and enhancing

its functions. The eyelids cover the eyeball, and by
their ready winking preserve it from the frequent

attacks of insects and the alighting upon the cornea

of particles of dust. On the ball of the eye, hidden

from view by the lids and sockets, are a variety of
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EXPLANATION OF PLATE XYI,

Representing the Structure of the Eye and Nose, referred to

in paragraphs 115, 116, 117, 118, and 125, 126, 127, and
128.

Fig. 43 is a diagram of a section of the interior of the

eye, with its various coats and membranes. A, A, A re-

presents the sclerotic membrane and conjunctiva; Bis
the cornea

;
C is the crystalline lens

;
I) the anterior

chamber, containing the aqueous humour.; I, I is the

iris. The aperture between the section of the iris

represents what is called the pupil of the eye. It, It is

the retina, which is the expansion of the optic nerve

;

T, T is the choroid membrane, composed principally

of blood-vessels, with which are mixed black pigment-

cells, which makes of the posterior cavity of the eye

a dark chamber, by means of which the pictures produced

on the retina at the back of the eye become more intense

and thus recognition more obvious. The absence of the

pigment-cells produces what is called albinism. L, L is

the ciliary muscle, which lies at the base of the iris

;

N represents the vitreous humour, which fills the pos-

terior chamber of the eye.

Fig. 44 represents the interior of the nose, a, h, c,

d, r, e indicate the interior of the nose, which is covered

by a mucous membrane ;
n represents the nose, and e the

wing of the nose
; q are the nose-bones ; o is the upper

lip
; g is a section of the upper jaw-bone

;
h is the

upper part of the jaw, or hard palate; m is the inner

part ofthe skull
; k is the ganglion or bulb of the olfactory

nerve in the skull, from which are seen the branches of

the nerve, after having passed through the cribriform

process in the skull, passing in all directions to the nose.

The diagram represents below the teeth in the upper
jaw.
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muscles, one end of which is attached to the eye, and

the other to the solid bone of the socket. It is by means

of these muscles that the eye moves upwards, down-

wards, and to either side. Sometimes these muscles

are contracted or act irregularly
;
a person is then said

to squint. This defect is now, in many cases, cured by

an operation, by which the muscles are restored to their

equilibrium. At the outer side of each eye above is a

little gland called the lachrymal gland
,
which is con-

stantly secreting a saline fluid which, passing over the

front of the eye, washes it clean, whilst the eyelid,

as it were, wipes it dry by forcing the liquid thus

used into a little drain pipe, which carries the fluid

into the nose. This is one reason for the constant use

of the pocket-handkerchief. Sometimes the lachrymal

gland secretes more liquid than the nose can carry off,

and it drops out of the eye on to the cheek, and the

drops are called tears. There is a curious connection

between certain mental states and this little gland, so

that when persons are unhappy or disappointed, or

angry, it pours out a large quantity of this liquid,

which drops down their cheeks and they cry.

120. A little reflection will teach us that the eye

is one of the most important inlets of our knowledge,

and we should be careful to keep it in health, and cul-

tivate its great powers to the utmost. In order to

keep it in health, it should not be exposed to cold

draughts, either sleeping or waking, nor should it be
intensely employed in gazing on strong or bright

colours and lights. In all work where particles of
iron, steel, or other solid matters are liable to get
beneath the eyelids, the eyes should be protected with
a shade. Like all other organs the eye may be
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educated, and its powers developed. A natural
education of the eye goes on with the child. At
first things are seen very indistinctly by the infant,

and it cries to have the moon in its hands, as though
it was close by. As the child grows older it appre-
ciates the relative distances of objects, and it is bv
cultivating this power of the eye, that it becomes the
most useful organ of our senses. One of the greatest

means of cultivating the power of the eye is by teach-

ing the arts of drawing and painting. By thus using
the hand as the instrument of the eye, the facultv of

observing is cultivated, and gradually the eye learns

to see and to observe the great variety of forms and
the colours in external objects. Another mode of

educating the eye, is to describe accurately in writing

the forms, colours, and habits of external thinss.

There is no pursuit more valuable and interesting in

this respect than the study of natural historv.

Children should be early encouraged to observe the

forms, colours, and structure of plants and animals,

and the habits of insects, fish, birds, and other

creatures. It is in this way that the eye can alone be

educated for performing practical work in an efficient

manner. In a large number of our British manu-

factures the highest excellence of the work can only be

attained by the workman being early skilled in the use

of his eyes upon the forms and colours which are

observed in the natural world.

121. Next to the eye, the ear is the most important

of the organs of the senses. So great is the information

conveyed to the brain by the action of the ear, that

some writers have contended that the loss of the

sense of hearing is even greater than that of sight.
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EXPLANATION OF PLATE XVII,

Illustrating the Structure of the External, Middle, and
Internal Ear, and referred to in paragraphs 121 and
122 .

Fig. 45 represents the inner, the middle, and the outer
ear. The inner ear is contained in a portion of the skull
called the petrous portion of the temporal bone. The
external ear is composed of a gristly substance, and
is so formed as to catch the vibrations of sound
and carry them to the auditory passage, a. At the
inner termination of the auditory passage is the tym-
panum or drum of the ear. The middle portion of the
ear is a cavity which contains a series of little bones
(ossicula auditus). These little bones are called the
hammer, d, the anvil, e, and the stirrup, /. There is

a smaller bone, which is not seen. The stirrup / is
attached to the hole which communicates with the
three semicircular canals seen to the right of the
drawing, o represents a round opening which com-
municates with the cochlea or snail-shell process

;
a is

the auditory nerve passing into the labyrinth or inner
ear

;
h is the Eustachian tube, which communicates by

an open tube with the throat.

Fig. 46 represents a section of the inner ear for the
purpose of exposing the structure of the labyrinth. To
the right the cochlea is laid open to show the position
of the nerve, and with the semicircular canals is
laid open. Between these two organs is a space which
is called the vestibule, and here may be seen the audi-
tory nerve passing to be distributed to the semicircular
canals and the cochlea.





NERVES OE THE EAR. 109

Whilst the intense undulations of matter which we

call light, address the sense of sight, and the less in-

tense undulations of matter which produce heat, are

appreciated by the organs of feeling, it is the

vibrations of the atmosphere in which we all live that

are gathered up by the ear, and constitute the mar-

vellous phenomenon which we call sound. In the

lower animals an organ of hearing is almost always

present
;
generally as a little bag full of liquid, which

shakes with the sounds, and so atfects the nerve

placed in its walls. In fishes the ears are highly com-

plicated with canals, and still more so in birds and

reptiles
;
but it is in mammals only that it has an in-

ternal coil like a snail’s shell. In man the ear is

placed on each side of the head, and the nerves which

convey the impressions of sound to the brain, are

imbedded in the solid bonework of the skull. On
opening the skull so as to see where the nerve of

hearing on each side goes, we find, hollowed out in

the solid bone, three curved tubes, called semicircular

canals, and a spiral cavity continuous with them, and

called the cochlea. In these curiously shaped cavities,

which contain liquid, the nerve of hearing spreads

out and forms a lining. Leading from this to the

exterior is a large chamber called the tympanic cavity,

between which and the external passage is placed the

drum of the ear. From this also a passage leads into

the mouth, which you can feel by blowing.

122. Whenever one body strikes another in the

air, waves are produced, just as when we throw a stone

into the water, a ring of waves is seen to surround the

spot where it sinks. These waves of the air are con-

veyed by means of the external ear down a passage
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which is called the external auditory canal. This pas-
sage secretes a little wax, to deter insects from entering
it and interfering with its functions. The waves of
the air having got to the end of this passage, strike
against a membrane called the tympanum, or the drum
of the ear. On the other side of the tympanum is a
string of little bones, which convey the sound to the
nerveswhichare hid in the bony canals ofwhich we have
before spoken. When the waves of the air reach the
nei ves of the internal ear, the mind takes cognisance
of them, and what is called sound is produced. It is

through this organ that man is capable of communi-
cating with his fellow man by means of language (51).

123. Not only does the ear appreciate the delicate

vibrations of the organ of voice, but the mind is so

constituted as to take pleasure in certain harmonious
relations of these vibrations, which are called music.

When the waves ofthe air recur with a certain rapidity

a musical note is produced. The fewer the waves, the

lower the notes. As the waves produced are quicker and
more numerous, the notes are higher. There are certain

harmonies between the various notes, and when these

are put into action, music is produced. Almost anv
vibrating body can be made into a musical instrument.

Thus, air may be blown through a tube in the form of a

whistle, a flute, a flageolet, or a clarionet, and the lower

or higher notes are produced by blocking up certain

holes with the fingers, which modulates the vibration

of the air. The violin and the piano are instances

of stringed instruments, the vibrations being pro-

duced by rubbing or striking the strings. Brass in-

struments are made of metal, the vibrations of which

respond to the air, blown into them through the mouth.
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All these instruments may unite together and form,

by the sounds they produce, a concert. Of all instru-

ments, however, the human voice is the most perfect,

and the performer on it being capable of throwing

into it his own feeling, singing is one of the most
agreeable and pleasurable sensations to which the ear

can submit.

124. The ear, like other organs, is subject to dis-

eases. The external opening may be blocked up
either by the accumulation of its natural wax, or by
foreign agents. When deafness results from these

causes, the ear should be syringed out with a syringe

and warm soft water. The tympanum or drum is

sometimes broken by violent noises, or becomes ulcer-

ated by disease, and the little bones of the ear are

lost. This does not occasion perfect deafness. It is

when the auditory nerve is diseased, or becomes
paralysed, that deafness comes on. This nerve, like

others, may be disordered by a general want of health

in the system, and its condition removed with re-

storation to health. AVhen, like blindness, deafness
comes on from palsy of the nerve, little, if anything,
can be done to remedy the terrible deprivation. Some
children are born deaf, and to such, another calamity
is added, for they are also dumb. Never hearing
“the sweet music of speech,” they cannot imitate it,

and only exercise their voice in inarticulate noises.

Schools are opened for the instruction of such per-
sons by the aid of the eye, and they are thus enabled,
to some extent, to make up for the deficiency of
hearing. They are taught to converse by the aid of
their fingers, which are used instead of sounds to
communicate ideas. Some successful attempts have
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been made lately to lead dumb persons to speak, by

teaching them to observe the movements of the tongue

and lips during the speech of others.

125. The two remaining senses, those of taste and

smell, are very closely connected in use, though

really fundamentally distinct. In man the smell

is quite rudimentary, and is only accessory to taste

:

but in lower animals smell is as important and

useful a sense as sight or hearing. From underneath

each hemisphere of the brain there runs a nerve

which, dividing itself into a number of minute

branches, pass through a sieve-like bone, at the upper

part of the nose, and distribute themselves in the

mucous membrane of the interior of the nose. This

is the olfactory nerve, the nerve op smell. It takes

cognisance of minute particles of matter, which are

diffused throughout the atmosphere, and which are

carried through the nostrils with the air which we

breathe. The function of smell seems to be developed

in the lower animals to a much greater extent than

in man. Thus most of the mammalia are led to their

prey and their food by the function of smell. The

dog is trained to exercise this faculty, and he is used

by man to trace the game he pursues. The dog called

the bloodhound has even been used to track the foot-

steps of man, when he has escaped from pursuit or

persecution into the desert.

126. The organ of smell is susceptible of pleasant

and unpleasant impressions. The pleasant smells are

called perfumes, and they are capable of affording

great pleasure to the mind. The nations of antiquity

cultivated the sense of smell much more extensively

than the modern inhabitants of Europe. We read
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constantly in the Bible of the use made of pleasant

smelling gums and resins, such as frankincense and
myrrh, and in the services of the Temple amongst the

Jews, the burning of sweet incense was a constant

practice. The Greeks and Romans anointed their

bodies with oils, perfumed with the sweet smelling

scents from plants. The art of the perfumer is, how-
ever, carried to great perfection at the present day,

and he selects the most agreeable scents from plants

and animals, and combining these, forms the pleasant

compounds which are used for perfuming clothes, soap,

and a variety of other articles of domestic use. From
recent chemical researches it appears that the volatile

oils which give odours to plants and other bodies of a
similar nature, such as camphor, have a power of de-

stroying animal poisons (56). It is a belief of this

kind that has led to the employment of strong-smelling

compounds, such as “ aromatic vinegar,” and also of

camphor, as a means of preventing the spread of con-

tagious diseases.

127. But whilst the sense of some smells is grate-
ful to the mind, the impression of others produces
disgust. This sense of the disagreeable in scent is

also seen in the lower animals. Many of them in-

stinctively avoid certain smells, ju3t as they are
attracted by others. We may attract animals by one
set of scents, but we can drive them away by others.
They seem to be warned against eating certain
kinds of dangerous food by its smell. In the same
way man is guided and warned by his sense of smell.
He thus avoids putrid food, because of its unpleasant
smell. All forms of decomposing animal and vegetable
matter give out gases which are disagreeable to man’s

8
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sense of smell, and he is warned by this sense of the

danger in which he is placed, by living in contact

with substances which give out these unpleasant

gases. It is not always that an unpleasant smelling

gas will injure the body if taken into the lungs, but

it should always be recollected that there is danger

lurking about where the atmosphere of a room, a

house, or a locality gives out a permanently disagree-

able odour.

12S. Some odours, which are at first unpleasant,

become by use agreeable. The smell of hartshorn is

at first very unpleasant, but by degrees persons take

a pleasure in its stimulating effects on the organ,

of smell, and the habitual use of the smelling bottle

is the consequence. In the same way nothing is more

unpleasant to a child than a pinch of snuff, but we

know by sad experience, that so pleasant does the in-

dulgence of snuff become, that people fill their

nostrils with it, and often destroy the power of the

olfactory nerves to discern any other kind of odour.

These scents and irritating substances, when brought

in contact with the nerve of smell in sufficient

quantities, produce the spasmodic act called sneezing.

This is a purely sensori-motor action (S3), and is oiten

accompanied with an increased secretion from the

membrane of the nose. It is sometimes a good thing

to produce sneezing, and is occasionally had recourse

to for the purpose of relieving headache.

129. The sense of taste is, in its use, verv closely

connected with that of smell. In fact, with regard to

a large number of things which we introduce into our

mouths and place upon the tongue, which we call the

orcran of taste, they are rather smelt than tasted. Many
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EXPLANATION OF PLATE XVIII,

Illustrating the Structure of the Tongue and the Organ
oj louch, referred to in paragraphs 98, 113, and 129.

Fig. 47 represents the upper surface of the human
tongue. On it are seen the papillae, which are of threetorms—1st, conical, which are seen at d- 2nd, whip-
hke, which are intermixed with the latter and seen at* and 1 »' drd

> circumvallate or entrenched, such as are
seen at h and l. These papillae are the organs of taste.
I he nerves which proceed to these papilla: are derived
Irom three different sources, and are seen at e,f, and q.ach papilla is comprised of blood-vessels, nerves, and
a covering of membrane, c is the glottis, and shows
the relation of the tongue to the organs of respiration.

Fig. 48 represents the termination of a nerve in addated corpuscle. These minute grain-like bodies are
called Pacinian corpuscle. They are found in the in-
terior of the papillae of the skin, more especially those
of the fingers. The nerve terminates by penetrating

ese bodies, and is described as taking a kind of
spiral course. The letters a, c, d represent the exterior
composition of these bodies, and h e the interior.

Fig. 49 illustrates the experiment of crossing twohngers oyer a single marble. If the eyes are blind-
folded this experiment will produce the impression ofthere being two marbles.
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substances which smell before they are put into the

mouth, are rather smelt than tasted. This is the

case to a great extent with the flavours of tea, coflee,

wines, and other beverages, and with food which is

flavoured with condiments and spices (22). There
are, howev ubstances which we take into our
mouths, and .'hose properties are alone appreciated

by the tongue. This organ is supplied with a nerve

coming off from the base of the brain (a branch of the

fifth), called the gustatory nerve. It is distributed

by minute branches to the papillce of the tongue.

These little organs can be easily observed upon the

surface of the tongue, looking like the seeds upon a

ripe strawberry. When substances, such as salt or

sugar, or alum, are brought in contact with these

papillae, very different and very decided impressions

are produced. Such substances address the organ of

taste. It will be seen that the pleasure we derive

from eating and drinking, is due to the impressions

produced on both the nerves of smell and taste, and
in fact the nerves of common sensation which are sup-

plied to the nose, mouth, and throat, are brought into

play in the gratification we derive from taking food.

130. We have now accomplished the task we pro-

posed in writing this little book. We hope we have
said sufficient of the structure of the human body to

enable all our readers to understand the operation of

the great Laws on which the health and life of human
beings depend. It should be recollected that these
are God’s Laws, and that He will not suffer them to

be broken with impunity. It is not God’s will that

any should suffer pain, and perish prematurely, but
man by his ignorance of the structure and actions of
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his body, is constantly breaking the laws of health,

and wide-spread misery and desolation are the con-

sequence. It is also to be hoped that many who

enter on this study with a desire to benefit them-

selves by acquiring a knowledge of the means

by which their own life, and that of those around

them, may be made happy and joyful, will be

touched with a feeling of admiration at the wisdom

and goodness displayed by Grod in the creation of

man. Man is the highest work of the Creator, and

He has given him, above all other creatures, a mind

capable of understanding the great laws of his ex-

istence, of communicating his thoughts by articulate

speech and written symbols, and of accumulating,

from age to age, that knowledge by which he may

become more and more free from the evils which are

the consequence of ignorance and self-indulgence.



QUESTIONS EOU EXAMINATION.

CHAPTER I.

ON THE CONSTITUTION OE THE HUMAN BODY.

"What are the four elements of which the human
body is principally formed ?

Which is the only one that is solid at the ordinary

temperature of the atmosphere ?

In what forms is carbon found ?

AYhat gas is formed by the combination of carbon

and oxygen gas ?

How many pounds of carbon does a human body,

weighing 154 pounds or 11 stones, and 5 feet 9 inches

high, contain ?

AYhat does hydrogen and carbon united form P

What are the flames of a coal fire, and gas, due to ?

When hydrogen is burning in the air and unites

with the oxygen in the atmosphere, what substance

does it form ?

AYhat is water composed of?

How do hydrogen and carbon keep up the heat

of the human body ?

How many pounds of hydrogen are there in a body
weighing 154 pounds ?

How many parts in every hundred are there of

oxygen in the atmosphere ?

9
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How many pounds of oxygen are there in a human

body weighing 154 lbs. ?

What is the more active form of oxygen called,

which is found in pure atmospheric air?

How many pounds of nitrogen are found in a

human body weighing 154 pounds ?

How many parts of nitrogen do 100 parts of

atmospheric air contain ?

What other elements does a human body contain ?

What are bones chiefly composed of?

How much phosphorus is there in a body weighing

154 pounds ?

How much calcium ?

Are the elements found pure in a human body ?

What are the principal compounds produced by

the mixture of these elements ?

How many pounds of water does a body weighing

154 pounds contain ?

How many pounds of gelatine are therein a human

body weighing 154 pounds ?

How many pounds of albumen ?

How much fibrine ?

How many pounds of fat ?

What compound is the most coustant constituent of

both plants and animals ?

What are cells, and where are they found ?

In what parts of the body is gelatine most abundant?

What is glue made from ?

How is leather made ?

Where is albumen found ?

Where is flit most abundant in the body ?

Why do animals become fat in summer and thin in

winter ?
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CHAPTER IT.

ON THE NATUltE OP THE POOD SUPPLIED TO THE
HUMAN BODY.

What does the food of plants consist of?

Name the three great classes into which the food

of man may be divided ?

How is it that the human body has a higher tem-

perature than that of the surrounding atmosphere?

What is the temperature of the human body ?

Explain the different functions of flesh-forming and
heat-giving foods ?

Where do we find gluten, fibrin, and casein in the

human body ?

A\
r
hat substances contain the largest quantity of

carbon ?

What is starch ?

What articles of food consist principally of starch?

AV hat is the action of the saliva in the mouth on

starch ?

By what process is sugar converted into alcohol ?

AV hat is the most heat-giving article of food ?

Why do doctors give cod-liver oil?

How can we obtain the mineral and saline sub-

stances in a human body ?

Why is it good to eat uncooked fruit and vege-

tables ?

What is the most important of mineral compounds
in the human body ?

How much phosphate of lime is found in the bones
of the body ?

AVhat is the cause of soft and deformed bones ?
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In what articles of food is phosphate of lime chiefly

found ?

What is the common name for chloride of sodium ?

How much is found in a body weighing 154

pounds ?

What is the most efficient cure for scurvy ?

Why are fresh vegetables so essential for main-

taining health P

What other mineral substances are found in small

quantities in the body ?

How is the absence of iron in the body indicated ?

How do condiments, spices, and alcohol act upon

the nervous system ?

What are the principles contained in tea, coffee,

and chocolate ?

How much fat does cocoa paste contain ?

What are the young of all mammalia fed on for

months after birth ?

How much milk will a healthy infant of six

months old consume daily ?

How much food will a man weighing 154 pounds

consume daily? (See Table II, p. 134.)

What class of people require most food ?

Why is it so essential that people should always

drink pure water ?

How is water contaminated ?

What diseases is contaminated water capable of

disseminating ?

What was the great outbreak of cholera iu 1SG6

traced to ?

IIow can water be tested as to purity ?

Ilow should water always be prepared before

drinking PO
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CHAPTER III.

ON DIGESTION.

What is the function of the teeth P

Describe the different kinds of teeth ?

How many teeth ought a grown person to possess ?

What is the difference between milk teeth and
permanent teeth ?

What is the food mixed with during the process of

mastication ?

What acid is the food mixed with on entering the

stomach ?

What two fluids is the food subject to on entering

the bowels ?

What is the effect of these fluids on the food ?

How is the food made thoroughly into blood P

How is meat best cooked ?

How would you boil a joint of meat?

What would you do with the water the meat had
been boiled in ?

Why is it better to take warm food than cold ?

What is leavened and what is unleavened bread ?

What are the meanings of carnivorous, herbi-

vorous, and omnivorous ?

How many meals should be taken daily ?

Why is it so injurious to take a heavy meal just

before going to bed ?

CHAPTER IV.

ON THE NATUBE OF THE BLOOD AND ITS CIBCHLA-

TION BY THE HEABT.

Descbibe the nature and different kinds of blood-

globules or blood-cells ?



122 QUESTION’S FOR EXAMINATION'.

"What is the composition of the blood ?

What is the nature of glands ?

What are the organs by which the blood is carried

through the body ?

In the mammalia, birds, and man, how is the heart

formed ?

What are the cavities on each side of the heart in

man called ?

Describe the course of the blood through the

heart ?

What is the dark blood and what is the red blood

called ?

What is the aorta ?

What are the blood-vessels carrying the red blood

called, and what is their structure ?

How is the pulse produced ?

How is the sound of the beating of the heart

caused ?

How many beats in a minute ought the pulse of a

healthy man to give ?

What are the capillaries, and the functions they

perform ?

What diseases are caused by the unhealthy action

of the capillaries ?

What is the nature and function of the valves in

the veins ?

Describe the structure of the valves of the heart r

What was Harvey’s grand discovery ?

What is the nature of the blood-vessels in the liver ?
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CHAPTEB Y.

ON BREATHING, OR THE EUNCTION OE RESPIRATION.

"What great agent is necessary to life in the air we
breathe ?

How do aquatic animals obtain oxygen ?

Describe the process of respiration. What do we
take in and what do we give out ?

Where is the diaphragm situated, and what is its

action ?

What are the causes of hiccough, sneezing, yawning,

and coughing ?

How many times in a minute does the air rush to

and from the lungs P

Describe the larynx P

How is the voice produced ?

What constitutes the greatest difference between

man and the lower animals ?

What is the result of taking oxygen into the

blood ?

At what temperature does water freeze and boil ?

What is the temperature of the atmosphere in

Great Britain in winter and summer ?

What is the constant temperature of the body ?

Is heat caused by external or internal sources ?

How is animal heat produced ?

What is the temperature of the blood in ducks and

elephants ?

What effect has disease upon the temperature of

the body ?

Why is it so important that the air we breathe

should be pure?
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How much oxygen does one gaslight consume ?

Why is it so injurious to sit in crowded rooms, or

where much gas is burning ?

During the burning of gas and candles what gas is

given off?

What diseases are produced by the retention of

carbonic acid in the blood ?

Why are persons who live in badly ventilated

houses much more likely to take infectious dis-

eases than those who obtain a full supply of fresh

air ?

What sanitary law relating to fresh air has been

issued by Government ?

What is the nature of ozone ?

What mechanical particles are under some circum-

stances found in the air ?

What is the sort of contamination most to be

dreaded in the atmosphere ?

How many people are killed every year by drain-

fever ?

What is the great remedy for these contaminations

and bad smells ?

When deposits of a decomposing nature cannot

be got rid of, what should at once be done ?

What are the commonest disinfectants sold r

What poisons are given oft’ by living bodies r

What is done to prevent smallpox ?

How can all infectious diseases be prevented ?

What does ventilation mean ?

Which is the best way to ventilate a room r

How can you always tell when the air is impure ?

Why should a sick-room be always well supplied

with fresh air ?
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How is the poison of all infectious diseases easily

destroyed ?

What is the meaning of infectious and contagious ?

CHAPTER VI.

ON THE STBUCTUEE AND JUNCTIONS OE THE SKIN.

"V hat is the temperature of the human body ?

Is it changeable according to the climate a person

lives in ?

What is the source of animal beat F

What is the great agent by which the heat of the

body is kept at a given temperature P

How many parts is the human skin composed of?

Where are the black-cells which produce the co-

loured races found P

What is the nature of the beaks of birds and claws

and horns of animals ?

Where are the perspiration ducts found ?

How many of these little tubes is it calculated

are to be found on the surface of a human body P

What is the great function of these sweat tubes ?

What are sebaceous follicles and their func-

tions ?

What is the result of these follicles getting blocked

up with dirt ?

What little creature is occasionally to be found in

these follicles P

What do we practically learn from these facts ?

What is the result of neglecting personal cleanliness?

What should we do to keep the skin in a healthy

condition ?
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What is necessary to enable the skin to perform its

functions in relation to the heat of the body ?

What article of food is most efficient in keeping up
the heat of the body P

What is the effect of severe cold upon the systems

of old people and young children ?

Which are the organs which suffer most from the

congestion caused by cold ?

Why ought infants and people not able to take

active exercise to be most warmly clothed ?

What are the chief products used for manufacturing

articles of clothing ?

What materials are best adapted for keeping the

body warm ?

Why is it better to wear light-coloured clothing

both summer and winter ?

Why are light coverings for the head desirable ?

Why is it most injurious to wear tight clothes P

How can linen and cotton clothes be rendered un-

inflammable ?

What disease is the result of wearing tight gar-

ters ?

Why are high-heeled boots objectionable ?

CHAPTER VII.

ON THE MOVEMENTS OF THE HUMAN BODT.

What creatures possess an internal, and which an

external skeleton ?

What is the series of central bones called ?
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What are the higher animals which possess a ver-

tebras called ?

What are those animals which do not possess an

internal skeleton called P

Describe the structure of bone and of the teeth ?

Name the three principal parts into which the

human skeleton is divided?

What are the principal hones of the human
body ?

What animals have practically four hands ?

What feature is most characteristic of the human
foot ?

What is the difference between voluntary and in-

voluntary muscle ?

Describe the muscles and their functions, and the

mechanical laws by which they act ?

What is required to keep the muscles in health ?

Why is exercise necessary ?

What exercise is especially adapted for engaging

all the muscles ?

What are gymnastics ?

Describe the effects of exercise upon the system ?

CHAPTER VIII.

ON THE BEAIN AND NEEVES.

What is one of the most distinguishing features of

animals ?

What is characteristic of a nerve ?

What is the structure and functions of the cilia ?
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What two structures is the nervous system com-

posed of ?

What sort of a nervous system do we find amongst

the lower animals ?

What is the function of a nervous system ?

What are the nerves called which run up to the

ganglia ?

What are those called which run down, conveying

impressionsfrom the ganglia ?

How do the nerves terminate ?

What is meant hy an excito-motory nervous

system ?

What are the great masses of nerves collected at

the base of the brain ?

Describe the structure of the brain P

What are the special functions of the forebrain,

midbrain, and hindbrain ?

What part of the brain is it that becomes con-

gested under the influence of alcohol ?

What is the spinal cord ?

How do sympathetic nerves differ from the cerebro-

spinal nerves ?

How many pairs of nerves come from the brain

and branch out on each side ?

What are they called, and what are the functions

they perform ?

How many pairs of nerves does the spinal cord give

off ?

What are the functions performed by the nerves ?

Who are we indebted to for the discovery of the

double structure of the roots of the nerves ?

What are the minute swellings called which termi-

nate many nerves, and are found in the tips of the

fingers and other parts of the body ?
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What peculiar modification of nervous structure do

some fishes possess ?

What part of the body is the seat of knowledge

and consciousness ?

How often does the composition of the human
body change ?

What is the power that the brain possesses of re-

calling ideas called P

What is phrenology ?

Give the weight of the brains of three celebrated

men ?

What is the weight of the brain of an idiot and of

a chimpanzee ?

What is the average weight of the brain of adult

males and females ?

What function is performed during sleep ?

What is the average amount of sleep required by
adults ?

What class of persons require most sleep ?

What is often the result of want of sleep ?

What are dreams ?

What is the first object of education ?

CHAPTER IX.

ON THE ORGANS OF T1IE SENSES.

How many senses are there, and what are their
functions ?

AYhat disease is the result of the communication
between the nerves and the spinal cord being de-
stroyed ?

Describe the structure of the eye ?
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What is the result of the absence of black pigment

in the eye ?

What is the function of the iris ?

What other defects in structure are the eyes liable

to F

For what defects in the eye are spectacles worn ?

What is the structure and function of the crystal-

line lens ?

Describe the nature of cataract ?

What are the humours of the eye ?

What is amaurosis ?

What is the function of the lachrymal glands ?

What are the best means of educating the eye ?

Describe the general structure of the ear in the

lower animals and in man ?

What organs are contained in the middle and

inner ear ?

How is sound produced ?

What is the function of the tympanum ?

What is the nature of music ?

How is deafness produced ?

Describe the organ of smelling ?

What animals possess the function of smelling in

the highest degree ?

What volatile substances are supposed to possess

the power of destroying animal poisons ?

Why are disagreeable smells to be avoided ?

How is sneezing produced?

Describe the structure of the tongue ?

What parts of the tongue receive the impression of

taste ?

What are the lessons to be learned by the study of

the laws of life ?



A SERIES OF TABLES

ILLUSTRATING VARIOUS SUBJECTS TREATED OF
IN THIS VOLUME.

Table I.

Ultimate Elements of the Human Body.

lbs. oz. gr.

1. Oxygen

,

a gas. The quantity con-

tained in the body occupies a space equal

to about 1300 cubic feet Ill o 0
2. Hydrogen

, a gas. The lightest

body in nature. The quantity present
would occupy about 3000 cubic feet ... 15 0 0

3. Carbon, a solid. When obtained
from animals it is called animal char-

coal 21 0 0
4. Nitrogen, a gas. It would occupy,

when free, about 20 cubic feet 3 0 0
5. Phosphorus, a solid. This sub-

stance is so inflammable that it can
only be kept in water 1 12 190

G. Calcium, a solid. The metallic

base of lime which has not yet been
obtained in sufficient quantity to be
employed in the arts. It is about the

density of aluminium 2 0 0
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7. Sulphur, a solid. A well-known

substance. It unites with hydrogen,

forming sulphuretted hydrogen, which

gives the unpleasant smell to decom-

posing animal and vegetable matter ...

8. Fluorine, a gas. This substance

has not been separated in such a man-

ner as to permit of an examination of

its properties, and cannot be exhibited.

It is found united with calcium in the

bones

9. Chlorine, a gas. When combined

with sodium it forms common salt

10. Sodium, a metal. It is so light

that it floats on water, and is kept in

naphtha to prevent its oxidation

11. Iron, a metal in small quantities
;

it is necessary to the health of the body

12. Potassium, a metal. Like so-

dium it floats on water, and burns with

a flame when placed on it

13. Magnesium, a metal. Combined

with oxygen it forms magnesia

14. Silicon, a metallic substance.

With oxygen it forms silex or silica.

It enters into the composition of the

teeth and hair

Total

Other elements have been found

as copper and manganese, but these are

dental.

lbs. oz. gr.

0 2 219

0 2 0

0 2 3S2

0 2 116

0 0 100

0 0 290

0 0 12

0 0 2

154 0 0

in the body,

probably acci-
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These elements, when combined together, form a
set of compound bodies called “ proximate princi-

ples,” out of which the tissues and fluids of the body
are formed, as seen in the following table :

Proximate Principles of the Human Body.

lbs. oz. gr.
1. Water

,
composed of oxygen and

hydrogen gases Ill 0 0
2. Gelatin

,

of which the walls of the
cells and many tissues of the body, as
the skin and bones, are principally com-
posed 15 0 0

3. Fat, which constitutes the adipose
tissue 12 0 0

4. Phosphate of Lime, forming the
principal part of the earthy matter of
the bones 5 13 0

o. Carbonate of Lime, also entering
into the composition of bone 10 0

6. Albumen, found in the blood and
nerves 4 3 q

7. Fibrin, forming the muscles and
the clot and globules of the blood 4 4 0

8. Fluoride of Calcium, found in the
b°nes 0 3 0

9. Chloride of Sodium, common salt... 0 3 376
10 . Chloride of Potassium 0 0 10
11. Sulphate of Soda 0 1 170
12. Carbonate of Soda 0 1 72
13. Phosphate of Soda 0 0 400
14. Sulphate of Potash 0 0 400
15. Peroxide of Lron 0 0 150
16. Phosphate of Potash 0 0 100
17. Phosphate of Magnesia 0 0 75
18. Silica 0 0 3

Total 154 0 0

10
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These compounds in passing away from the body

form many others, which may be here left out of

consideration as not forming a necessary part of the

fabric of the human body.

Table II.

Daily Supply and Waste of the Human Body.

Taken in.

Gases.
Oxygen

Liquids.

Water . . . •

In beverages . 68 ozs,

In meat, bread,

and vegetables 25 ,,

Solids.

Flesh-formers
ozs. grs.

Fibrin 3 0

Albumen 0 300

Caseine 0 137

93

4 0

Heat-givers .

Starch . 12 ozs.

Fats . 5 „

Sugar . 2 „

19

Accessories
Gelatine 1 oz.

Cellulose 1 „

Mineral Matters

Given out.

OZS. Gases. ozs. grs.

24 Carbonic Acid . . 35 0

Carbon 11 ozs.

93 Oxygen 24 „

35
Liquids.

Water . 103 237*
OZS. grs.

4 By Kidneys 51 0

„ Lungs 31 0

„ Skin 16

,, Alimentary

0

canal 5 237

103 237

19 Solids.

Insoluble . • 2 0

Soluble . 2 200
ozs. £rrs.

Urea 1 200

Salts 1 0

• 2
2 200

1

143 143 0

* An ounce is 437 grains.



TABLES. 135

Food subserves two great purposes in the human
body. First, it supplies materials for the growth and
nourishment of the frame

;
secondly, it furnishes the

fuel which maintains the human body at a tempera-

ture of 98°, and gives it force to work.

After the adult age the quantity of elements taken

in the food is equivalent to the quantity wasted in

the vital actions. The preceding table shows the

quantity of substances taken in and given out in

twenty-four hours by a person measuring 5 feet 8

inches in height, and weighing 154 pounds.

The quantity of food taken by various individuals

differs according to age, height, occupation, climate,

season, and state of health.

Age .—Children take more in proportion to their

size than adults, as their food supplies the materials

of growth as well as waste.

Height .—The height of individuals determines

their weight, and according to the quantity of flesh

will be the waste and the necessity for supply.

Occupation.— Persons employed in occupations in

which great force is exerted and waste of the mus-
cular tissue takes place require more food than those

engaged in quiet or sedentary employments.

Climate and Season—Climate makes a great differ-

ence in the demand for heat-giving food. Fats,

sugar, and starch are eaten in larger quantities in

colder climates than in warm. The same holds good
of cold and warm seasons.

State of Health .
—All forms of disease influence the

appetite and the demand of the system for food.

The above table can only be regarded as an
approximation to the absolute truth of the case, but
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it will serve as an illustration of the general law of

supply and demand in the human system.

Table III.

Height and Weight.

There is a fixed relationship between the height

and weight of healthy individuals. The late Dr.

Hutchinson took the height and weight of 2650

healthy men. The results of his observations are

given in the following table

:

Height in inches or feet. Calculated, or meanweight.

Inches Feet. In. lbs. Stones lbs.

61 or 5 i 120 or s 8

62 5 2 125
55

s 13

63 5 3 130 55
9 4

64 5 4 156
55

9 9

65 5 5 140 55
10 0

66 5 6 145 55
10 5

67 5 7 150 55
10 10

68 5 8 155
55

11 1

69 5 9 160 55
11 6

70 5 10 165 55
11 11

71 5 11 170 55
12 2

72 55
6 0 175 55 12 7

Prom these observations we may deduce the law

that healthy men ought to weigh an additional five

pounds for every inch in height beyond sixty-one

inches, at which height they ought to weigh 120

pounds. In these cases the weight includes the clothes

worn. These should be calculated at T
'

T the weight,

so that a man weighing 170 pounds would weigh only

160 pounds without his clothes.
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When persons weigh more or less than the above
averages, it generally depends on the presence or
absence of fat.

Too large a quantity of fat tends to diminish the
vital changes, encumbers the body, increases the work,
aud enfeebles the action, of the heart, and leads to

congestion of the lungs and brain.

Too little fat exposes the body to the action of cold>

diminishes the growth of the tissues, and hastens the
processes of waste and decay.

Table IY.

Quantity of alcohol, suyar, and acid contained in

one imperial pint of variousfermented heverayes :

Table Ale
London Porter
Mild Ale
London Stout.,

Strong Ale
Pale Ale
Moselle

Claret

Hock
Burgundy
Champagne
Madeira
Port .

Brown Sherry..

Pale Sherry ..

Gin (retail)

Gin (best) ....

Whisky
Brandy
Rum

1

I
Water. Alcohol. Sugar. Acid.

ozs. OZS. OZS. grs. grams.
191 1

2 0 251 45
191 3

4 0 267 45
18J H 0 280 38
181 H 0 281 54
18 2 2 136 54
171 21 0 240 40
181 li 0 0 140
18 2 0 0 161
I7f 21 0 0 127
171 21 0 0 160
17 3 1 133 90
16 4 0 400 100
16 4 1 2 80
151 41 0 360 90
16 4 0 80 170
16 4 1 0
12 8 0 0
11 9 0 0
91 101 0 80
5 15

|

0 0 ...

The quantity of alcohol drunk by mankind is
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much larger than is necessary to the maintenance of

health.

Children and healthy adults seldom require to take

it as a means of securing health or strength.

Small quantities of alcohol in the form of beers and

wine amounting to from one to two ounces a day may

be taken with impunity.

Persons taking strong exercise in the open air can

take more alcohol with impunity than those who live

in confined rooms.

Alcohol taken in excess not only produces intoxi-

cation, hut lays the foundation of the most fatal

diseases to which the human body is liable.

Table Y.

Showing the Time after Birth at which the teeth ought

to appear.

I.—Milk Teeth, Twenty in Jslhbeb.

Months.

Central incisors

Lateral incisors

Canine teeth

Pirst small molars or premolars .

.

Second small molars or premolars

5— 8

7—10
11—20
12—16
IS—36

IX.—Permanent Teeth, Thirty-Two in Xumber.

Pirst true or large molars

Central incisors

Lateral incisors

Pirst premolars

Second premolars

Canine teeth

Second true or large molars

Third true or large molars, also called

wisdom teeth

Years.

6

7

8

9

10

11—12
12—13

17—19



A CLASSIFICATION OF THE
ANIMAL KINGDOM,

WITH EXAMPLES.

Sub-Kingdom I.—Vertebrate Animals. (Verte-
brata.) Animals with backbones and internal

Skeletons.

Class I.

—

Mammals
(Mammalia). Animals, the

young of which are born alive, fed by their

mothers on milk, breathing by lungs, and having

their blood-cells round, with mostly four ex-

tremities.

Order I.—Two-Handed Animals
(Bimana). Man.

Order II.—Four-Handed Animals
(Quadrumana).

Apes, baboons, monkeys, and lemurs.

Order III.—Flesheaters (Carnivora)

.

Lion, wolf,

cat, dog, hyena, bear, seal, badger, raccoon.

Order IV.—Open-Toed (2 or 4) Animals
(Artio

dactyla). Hippopotamus, pig, camel, cow, sheep.

Order V.—Odu-Toed (I or 3) Animals
(Perisso

dactyla). Horse, rhinoceros, tapir.

Order VI.—Proboscoid Animals
(Proboscidea).

Elephant.
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Order YII.

—

Toxodonts (Toxodentia)

.

An extinct

family.

Order YIII.

—

Sirens (Sirenia). Dugong, Yanatee.

Order IX.

—

Cetaceans {Cetacea). Whale, por-

poise.

Order X.

—

Winged Animals {Cheiroptera). Bats.

Order XI.

—

Insect-Eaters {Insectivora). Hedge-

hog, shrew, mole.

Order XII.-

—

Edentate Animals {Edentata). Sloth,

armadillo, ant-eater.

Order XIII.

—

Gnawing Animals {Rodentia). Bat,

hare, squirrel, beaver, porcupine.

Order XIY.

—

Marsupiate Animals {Marsupialia).

Kangaroo, wombat, opossum, dasyurus.

Order XV.

—

Monotremes {Monotremata)

.

Platypus,

echidna.

Class II.

—

Birds {Aves). Animals covered with

feathers, producing their young by eggs, flyin

by means of their fore extremities, and walkin

or swinging by their hind extremities, and pos-

sessing a double circulation like the mammalia.

Order I.

—

Kaptorial Birds {Baptorcs). Eagle,

hawk, owl.

Order II.

—

Climbers {Scansores). Parrots, wood-

peckers, toucans.

Order III.

—

Perching Birds {Passeres). Sparrows,

blackbirds, thrushes, swallows, linnets.

Order IY.

—

Pigeons {Coiumbce). Pigeon, dove,

dodo.

Order Y.

—

Poultry {Oallince). Common fowl,

pheasant, grouse, peacock.

to

to
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Order YI.—Running Birds
(
Oursores). Ostrich,

green bustard.

Order TIL—Waders (
Grallatores)

.

Cranes, heron,

quail, snipe.

Order Till. —Web-Footed Birds (Palmipeds).

Ducks, swan, goose, albatross.

Class III.—Reptiles (Reptilia). Animals possess-

ing lungs and breathing air, imperfect hearts,

producing young by eggs. This group includes

a large number of extinct reptiles, as ichthyosau-

rus, plesiosaurus, &c.

Order I.— Crocodiles (Crocodilia) . Alligators,

gavials, crocodiles.

Order II.—Lizards (Lacertilia)

.

Monitors, iguanas.

Order III.

—

Serpents
(
Ophidia). Snakes, vipers,

blindworms.

Order IV.—Shielded Reptiles ( Chelonia). Tor-

toises, turtles.

Class IV. — Amphibious Animals {Amphibia).

Animals produced from eggs, hatched in water,

and leading a part or the whole of their life in

water.

This group includes frogs, toads, salamanders, newts.

Class V.—Fishes (Pisces). Animals living in water,

breathing by means of gills, and mostly covered

with scales.

Order I.—Mud Fish (Dipnoi). Lepidosyren, rhyno-

cryptis.
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Order II.

—

Placoid Pishes
(Plasmobranchi). Sharks,

rays, chimsera.

Order III.

—

Ganoid Pishes ( Ganoidei). Sturgeon,

bony pike, fossil fishes as cephalaspis.

Order IY. — Comb-Scaled Pishes (Ctenordei).

Perch, basse, serranus.

Order Y.

—

Simple-Scaled Pishes
(
Cycloidei). Sal-

mon, whiting, cod, herring.

Order YI.—The Lancelet (Pharyngobranchii.)

Sub-Kingdom II.—Intertebbate Animals. (In-

vertebrata.) Animals with an external skele-

ton, having no backbone, living in air or water,

and breathing by gills, tracheae, or sacs.

Class I.—Annulose orKinged ANiMALs(Mn7wZo«a).

The external skeleton is formed of a series of

rings, the limbs are jointed, and the nervous

system consists of a double series of ganglions.

Order I.

—

Insects ( Insecta ). Beetles, butterflies,

dragonflies, flies, bees, bugs, fleas.

Order II.

—

Myriapods (.Myriapoda). Centipedes,

millipedes.

Order III.—Spiders (Araclinida). Scorpions, mites.

Order IY.

—

Crustaceans (
Crustacea ). Lobsters,

crabs, barnacles, sea acorus, water-fleas, trilo-

bites.

Order V.

—

Worms {Annelida). Land worms, earth

worms, leeches.

Order YI. — Worm-like Animals {Annuloida).

Flukes, tape worms, thread worms, wheel-ani-

malcules, trichina, star-fishes.
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Class II.— Shell Fish (
Molluscn). Animals with

soft bodies, mostly included in one or two shells,

sometimes naked
;
nervous system in the form of

irregular ganglions.

Order I.—Cephalopods ( Cephalopoda ). Nautilus,

argonaut, cuttle fish, ammonites.

Order II.

—

Pteropods (
Pteropodd). Clio.

Order III.—Univalves or Gasteropods ( Gastero-

poda;). Snails, slugs, whelks, periwinkles.

Order IV.

—

Bivalves or Lahellibranchs (
Lamel -

libranchiata) . Oyster, cockle, scallop, mussel.

Order V.

—

Brachiopods (
Brachiopoda). Lampshell,

crania, lingula.

Order VI.

—

Tunicates (Tunicata ). Simple and

compound ascidians.

Order VII.

—

Sea-Mats (Polyzoa). Flustra, celle-

pora, dead-man’s fingers.

Class III.

—

Radiate Animals (Ccelenterata)

.

The

body ray-like, and stomach an inverted sac

without nerves.

Order I.—Rated Animals (
Actinozoa). Beroe,

eydippe, sea anemorus, coral animals.

Order II.

—

Hydrozoids (Uydrozoa ). Jelly fishes,

lucernaria.

Class IV.

—

First Animals {Protozoa). Without

stomachs or nerves ;
simple masses ol fiesh.

Order I.—Rhizopods {Rhizopoda). Amoeba, actino-

phrys, foraminifera.
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Order II.—Sponges {Sjpongidce). Freshwater sponge,

common sponge.

Order III. — Gregarine Animals
( Gregarinidte)

.

Gregarinus.

Order IV.— Infusory Animalcules {Infusoria).

Monas, paramoecium.
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Axcohol.—

T

he active principle of wine, spirits and beer; it

acts upon the nervous system, and produces drunkenness.
At.kalies.—The opposite of acids, which they neutralise.

Animalcules.—Minute animals only seen through a micro-
scope.

Analyse.—To take anything to pieces for the purpose of
showing its composition.

Apoplexy.—The sudden deprivation of sense ; applied to effu-

sions of blood and water on the brain.

Astringent.—A substance which contracts or draws up any
part of the living body to which it may be applied.

Atmosphere.—The air which surrounds the whole globe.
Average.—The sum of several different weights or mea-

sures.

Blubber.—The fat of the whale and other animals.
Carbon.—The coal-forming element.

Carnivorous.—

T

hat which feeds on the flesh of animals.
Cartilage.—Gristle.

Cavity.—A hole or empty space.

Cell.—A minute bag usually with soft walls and fluid

contents.

Circulation.—

T

hat which goes round in a circle.

Coagulate.—To thicken
;
or separate from a solution.

Cocoon.—The case formed by insects before they become per-
fect.

Collapse.—A falling together, a breaking down, applied to

particular organs and a general state of the body.
Compounds.—Two or more elements.

Contagious.—From a Latin word signifying to touch, to
come in contact, and applied to diseases caught by contact.

Contamination.—That which renders another substance or
thing foul or dirty.

Contraction.—A making smaller.

Converse.—

T

he opposite or other way.
Dietetical.—Relating to food.

Diet.—Food, the food of the day.
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Digestion.—The process hy which the food is prepared in

the stomach for being made into blood.

Disinfection.—The process of destroying the power of cer-

tain poisonous bodies which have the power of producing dis-

eases.

Disseminate.—To spread or scatter around like the sowing

of seeds.

Ducts.

—

Small fluid tubes.

Effluvium.—Gases or vapours which pass off from various

bodies.

Elements.—Those bodies in nature which cannot be any

further decomposed.

Emaciated.—Thin, reduced in size.

Equilibrium.—A body in a fixed or stable state.

Excretory.—That which has the power of throwing off sub-

stances from the system.

Extremities.—The extreme parts, the arms and legs.

Fermentation.—The process by which sugar is converted

into alcohol.

Fibres.—Small cords or lines.

Fibrine.—A compound separating into small fibres.

Follicle.—A small pit or purse.

Fulcrum.—The point or pivot on which a lever rests.

Functions.—The actions of a moving body.

Fundamentally.—That which lies at the base or root of a

matter. ,. . ,

Ganglia.—Swellings or enlargements ;
more particularly

applied to swellings of the nervous system.

Gland. An organ which draws substances from the blood,

which are either taken up again or rejected.

Globule—A minute globe, such as the red blood-cells.

Gymnastics.—Muscular exercises of definite kinds.

Herbivorous.—That which feeds on herbs or vegetables.

Hexagonal.—A figure of six sides.

Hibernate.—'To sleep or lay dormant in winter.

Hydra.—A small animal surrounded by tentacles, belonging

to the Badiate group.
.

Hydrogen.—The water-forming element.

Infectious.—Applied to diseases which are communicated

through the air as well as by contact.
.

Insanity.—The absence of soundness of mind.

Insoluble.—Not to be dissolved.

Interment—The act of burying a dead body.

Interstices.—Spaces between woven or netted textures.

Lubricating.—That which makes smooth.

Manipulation.—

T

he handling anything.

Mineral.—That which is not a plant or animal.

Mite.—A minute spider-like insect.
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Mollusca.—Soft-bodied animals mostly included in shells

as the oyster and whelk.

Mortality.—Death, the amount of death in a place.

Mobtuaey.—

A

place where dead bodies are deposited; a dead-
house.

Mucus.—The slime on the surface of the inner passages of the
body.

Mucous.—The name given to the membranes inside the
body which are covered with mucus.
Nitrogen.—Tbe nitre-forming element.

Non-metallic.—

A

pplied to elements which are not metals.

Nutritious.—That which encourages the growth of all or

any part of the body.

Olfactory.—Pertaining to the sense of smell.

Omnivorous.—That which feeds on both animal and vege-
table food.

Optic.—Of and relating to the eye.

Organic.—Pertaining to objects which have organs, as plants
and animals.

Oxide.—An element combined with oxygen.
Ozone.—A condition of oxygen gas differing from its common

state in the atmosphere.

Oxygen.—The acid-forming element and the great supporter
of combustion.

Polyp.—

A

tentacle or arm such as surrounds the mouth of

the sea anemone.
Pobe.—

A

small hole.

Peopagate.—To increase or multiply.

Radiation.—The act of throwing out rays.

Resonant.—Sounding hollow when struck.

Respiration.—-The function of breathing, including the pro-

cesses of throwing out air and taking in air in the lungs.

Sacs.—

L

ittle bags.

Saline.—Containing common salt, or any other kind of

chemical salt.

Scbofula.—A disease attended with swellings of the glands
of the body.

Scurvy.—

A

disease in which the blood easily exudes from
the blood-vessels into the surrounding parts.

Sebaceous.—

L

ard-like.

Secretion.—A substance formed in the glands of the body.

Sedentary.

—

Sitting.

Spasmodic.—A sudden and violent action of the muscles of
the body.

Stimulant.—A substance which acts by exciting the action
of the nerves or blood-vessels.

Superfluous.—More than is wanted.

Syringe.—A squirt.
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System.—

A

n arrangement of parts, as the nervous system or
vascular system.

Temperature.—The heat which bodies show by a thermo-
meter.

Thermometer.—Instrument for measuring heat. Fahren-
heit’s thermometer makes freezing water 32° and boiling water
212°. The centigrade used in France makes these two points 0"

and 100°.

Fahrenheit.—The inventor of the common thermometer.
Thorax.—

T

he Latin name for the chest.

Tissue.—A web or texture.

Unctuous.—Greasy, like an ointment.

Valves.—

A

mechanical arrangement hv which fluids are

allowed to pass in one direction hut not in the other.

Varicose.—Swollen, distended; applied to veins.

Ventilation.—The act of allowing air to pass in and out of

a closed chamber or vessel.

Vesiculate.—Formed of cells or vesicles.

Vibration.—Wave-like movements.

Volatile.—

A

substance which easily assumes the form of a

gas or vapour.
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.

Branchiae

PAGE

Bread

,, aerated
Breath, composition of 41
Breathing
Bronchi, sounds in .

.

Bronchitis
Butter

C.

Caffeine

Calcaneum
Calcium
Camera obscura
Cancer
Capillaries

Carbon
Carbonate of lime ....
Carbonic acid

Cartilaginous bones .

.

Casein

Cataract

Cells

Cerebellum
Cerebro-8pinal system
Cerebrum
Charcoal
Chest
Chilblains

Chocolate
Chyle
Chyme
Cilia

Clot

61, 63, 64
y, uninflammable.

Coal

Cochlea
Coeoa 17

Coffee

Cold, effects of

11
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PAGE
Condiments 15
Connective tissue 80
Consciousness 90
Consumption 35
Cooking 25, 26

Cords, vocal 43
Cornea 103

Corpora striata 83
Corpse 51

Corsets 63
Cotton 59
Coughing 42
Crinoline 64
Crystalline lens 104

Cutis 52

F.
PAGE

Fat 6—12, 57
Fermentation 11

Fibres, muscular 70
Fibrine 10
Flesh-formers 9
Follicles, sebaceous 54
Food 6, 7, 8, 19

,,
digestion of 24, 25

,, taken hot 27

,,
vegetable 28

Foramen magnum 69, 86

Fore-brain 84. 85
Force, moving and nerve .... 44

Fulcrum 72

D. G.

Day-dreaming 98

Dead bodies 51

Deafness Ill

Deglutition 23

Delirium tremens 86

Demodex folliculorum 55

Dentine 68

Diamond 1

Diaphragm 41

Digestion 21

Diseases, infectious 49

„ prevention of .... 49, 50

Disinfectants 48

„ use of 51

Drainage 48

Dreams 96

Dress 59, 62

Drunkenness 85

Dumbness Ill

E.

Ear
Education
Electrical force

Electro-biologists . .

.

Enamel
Endo-skeleton
Epidermis
Epithelium
Exercise
Excito-motory actions

Exo-skeleton
Eye
Eyelids

... 108

... 98

... 90

... 84

. . . 68

... 67

. . . 52

. . . 53

. . . 73

. . . 82

. . . 67

82, 102

.. 106

Ganglion 80, 82

Gas, danger of 45

Gastric juice 24
Gelatine 5

Gland, lachrymal 107

Glands 3S

Globules, blood 30
Glottis 43

Glue
_

5

Gluten 5,^9

Glycogen 38

Gustatory nerve 115

Gymnastics 75

H.

Haversian canals

Head dresses

Hearing, sense of

Heart, sounds of

,,
structure of

„ valves of

Heat

,,
and light

,,
animal

,,
sources of

Heel-bone
Heel-pieces

Hiccough
Hind-brain
Human body, warmth of

„ „
' weight of

,,
voice

Hybernation
Hydrogen

. 68
. . 63
. . 10S

.. 37

.. 32

.. 37

44, 57
.. 44
. 9, 44
. . 52
.. 70

.. 65

.. 42

.. S6

.. 52

.. 2

.. Ill

.. 6 .

.. 1,3



INDEX. 151

I.

PAGE
81, 90

Ideo-motor actions 84
Imagination 92
Inflammation 3.5

Infusorial animalcules 79
Insanity 99

,, how produced 96
Invertebrata 67
Ins 103
Iron 1,5

Ivory 68

J.

Joints 71
Judgment 92
Juice, pancreatic 24

N.

-vr
jtavjxj

Nerve, afferent 31
!, cells 80
,, centripetal 81
,, efferent 81
,, motor sensory 81
,, sensitive Si

,, sensory 81
,1 tubes go
,, volitionary 81

Nerves 73
,, olfactory 87
i) optic 88
„ sympathetic 87

Nervous matter 79
„ system 78

,
80

,
81

,
87

Nitrogen
1, 39

L.

Lachrymal eland ....

Lacteals

Larynx
Leather
Ligaments
Light and heat
Lime, chloride of

,, phosphate of ...
Linen
Liquor sanguinis
Love
Lungs

,, action of
Lymph 29

M.

Malaria
Mastication

Meals, time of ....
Medulla oblongata. . .

.

Membranes of brain .

.

Memory
Mesmerism
Mid-brain ....
Milk
Mucous membrane

,, involuntary ... 70
,, tendon of

,, voluntary
Muscular tissue ....
Music

0 .

Olfactory nerve 112
Ophthalmia 105
Optic nerve ]06

,, thalami 83
Osseous bones 67
Oxygen 1

,
3

,
39,45

„ supplied to tissues . . 76
Ozone

3, 46

P.

Pacinian bodies 89
Papillae of tongue 115
Paralysis 102
Pelvis 69
Pepsin 24
Peptones 24
Perception 91
Perfumes 112
Perspiration, composition of. . 53

,, insensible 51
,, sensible 54

Phrenology 93
Plants 7 78
Poisons in atmosphere 47
Pores of skin 53
Potassium 14
Potatoes, composition of . . .

.

10
Pulse 34
Pupil ..!!! 103
Pylorus 24

Q.

Quadrumana , . .

.
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R.
PAGE

Riles 42
Retina - 81, 103
Respiration 39, 40
Riding 74
Running 74

S.

Sacs, pulmonary 40
Saliva 23
Salt, common 14
Sandals 64
Scrofula 35
Sebaceous follicles, use of . . . . 54
Senses, organs of 100

,,
special 102

Sensori-motor actions 83
Serum 30
Shoes 65
Short sight 105
Sick-room, management of . . 51

Sight, long 100

,,
short 105

Singing Ill

Skeleton 67
Skin 52, 55, 76
Skull 69

Sleep 95
Sleeplessness 96
Sleep-walkers 97

Smell, sense of 112

Smells, danger of 50
Sneezing 414
Soap, use of 56
Sodium, chloride of 14

Soul 91

Soup 27

Spices 15

Spinal canal 86

,,
cord . • 69, 84, 86, 88

Squinting 107

Starch 10, 11

Stays 63
Stimulus 78

Stockings 65

Stomach 24

Sugar 11

Swimming 74

Sympathetic system 84

TAGE
Synovia 71
Synovial membrane 71

T.

Taste 112
Tea 16. 17

Tears 107
Teeth 22, 68
Tentorium 86
Theine 17
Theobromine 17
Thermometer 44
Thorax 69
Touch, sense of 101

Tubes, nerve 79
Tympanic cavity 109

Tympanum 110

Urea

U.

31

V.

Vaccination 49
Valves of heart 36
Varicose veins 65
Veins 35
V entilation 49
Vertebrata 67
Villi 24

Vitreous humour 104

Voice, human 43

TV.

Walking 74
Washing 55

Water 2, 4

„ .in food 19

,,
impurities in 19

,,
temperature of 44

Waters, mineral 19

Winter-sleep 6

Wool 59

Yawning

Y.

42
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